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Abstract: Nowadays, the pandemic situation has encouraged the idea of sustainable healthy foods
leading to new trends in food consumption. Brewers spent grain (BSG) represents a potential func-
tional food rich in fiber, protein, lipids, mineral and phenols that needs to be further exploited. In
this vein, five different BSG types were collected from local breweries and valorized in cookies man-
ufacturing. Thus, proximate composition (protein, minerals, lipids, ash, crude fiber and carbohy-
drates) was analyzed using AACC (American Association of Cereal Chemists) methods, DPPH (2,2-
Diphenyl-1-picrylhydrazyl), and Folin Ciocalteu methods were used to determined antioxidant ac-
tivity and total phenols, while minerals and aroma volatile compounds were performed using in-
ductively coupled plasma optical emission spectrometry (ICP-OES) and ITEX/GC-MS (in tube ex-
traction gas chromatography-mass spectrometry) respectively. Color and physical characteristics,
together with sensorial analysis, were also evaluated. The results highlighted a significant differ-
ence between BSG samples, mainly from the total phenols, antioxidant activity and aroma volatile
compounds point of view. BSG volatiles compounds from the aldehydes group such as 2-methyl-
propanal, 3-methyl-butanal and 2-methyl-butanal were identified also in the final baked goods,
leading to a pleasant and appreciated consumers’ taste and aroma. Furthermore, cookies sensorial
analysis emphasized that the sample manufactured with BSG from light and dark malt mixture was
more appreciated by consumers, attaining the highest hedonic scores.

Keywords: brewers spent grain; volatile compounds; minerals; sensorial analysis

1. Introduction

The world population is expected to reach 9.8 billion people in 2050 while millions
of people are starving today. World cereal equivalent food demand is anticipated to be
10.094 million tons in 2030, which will increase to 14.886 million tons in 2050 [1]. Thus, the
adoption of policies and actions for sustainable consumption and the transition to a
cleaner and circular bioeconomy is highly required [2]. Furthermore, the pandemic situa-
tion has changed consumers’ dietary habits, and their attention was directed towards
healthier and balanced diets [3]. Moreover, the pandemic situation has significantly in-
creased food insecurity, and the nutritional indicator has been affected mainly by con-
sumer behavior changes [4]. In this way, the researcher’s attention is focused on the re-
duction of agro-industrial waste with maximizing the conversion of the by-products into
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higher added-value products [2]. Nowadays, the exploitation of agro-industrial waste
from economic, technological and environmental standpoints represents new researchers’
tools [5].

Around 1.91 billion hectoliters of beer were produced worldwide in 2019, with beer
being on fifth place in the world’s beverage consumption [6]. The industrial brewing pro-
cess is one of the biggest agro-industrial waste producers, with a high impact on the en-
vironment and therefore on society. Indeed, for the production of 1000 tons of beer, a total
amount ranging from 137 to 173 tons of solid waste is generated [6]. The solid waste is
mainly composed of brewers spent grain (BSG), spent hops and trub, spent yeast and bar-
ley malt rootlets [7].

In a recent publication of Naibaho et al. [8], it was highlighted that the EU brewing
industry produces about 3.4 million tons of BSG annually, mainly being used as animal
food, organic fertilizer and for bricks production. From a biotechnological perspective,
other applications of the BSG biomass could be as a substrate for ethanol production due
to its high cellulose concentration, as well as fuels, enzyme production, proteins concen-
trate and the manufacturing of many other value-added products [8,9]. The importance
of using BSG should also be highlighted from an economic point of view, as demonstrated
by Olawoye et al. [10] who stated that the cost of BSG is 0.0335 US$/kg or that it has no
cost [11], being available all through the year.

BSG is mainly defined as the brewing process by-product, a result from the mashing
and filtration stages, being mainly composed of seed coat—pericarp-husk layers of malted
barley [7,12]. Certain malting processes use a wide variety of source ingredients to pro-
duce different malt varieties. On these considerations, various BSG components were cat-
egorized into two major groups: lighter malts (pilsen, melano, melano 80 and carared) and
darker malts (chocolate and black), according to Moreira et al. [12]. Pilsner malt is often
used as a foundation malt in any and all beer types, producing light-colored, clean and
malt extracts. Caramel malt is generated from fresh malt, which is created by heating wet
germinated barley at regulated heat, allowing the starch to change into caramelized sug-
ars. Melano malt is a distinctive type that is gently dried; the rising temperature enables
melanoidins to develop throughout the kilning procedure. Chocolate malt has the same
kind of qualities as black malt, but as it is roasted a lesser length of time and at lower-end
degrees, a few of the harsh tastes of black malt are not quite as apparent [13].

BSG represent 85% of the solid waste amount brewing process, and is a rich source
in fibers (40-70%), proteins (19-30%), minerals (2-5%), lipids (about 10%), vitamins and
phenols (0.7-2%) [2,6]. BSG contains an important amount of amino acids such as threo-
nine (3.5 g/100 g), isoleucine and valine, phenylalanine (5.5 g/100 g), lysine and leucine
[14]. Fibers are represented by lignin, cellulose, hemicellulose, arabinoxylans and —glu-
can, which are involved in the serum cholesterol regulation and the prevention of gastro-
intestinal disorders and diabetes, and could also be successfully used in the treatment of
ulcerative colitis [2]. Furthermore, from the phenols group, hydroxycinnamic acids are
claimed to have a high in vitro antioxidant effect, similar with the well-studied ascorbic
acid and a-tocopherol [11]. Nevertheless, its chemical composition could be highly varied
owing to multiple factors, such as the type of barley used, the harvesting time, malting
and mashing conditions and the secondary raw materials used in the brewing process [6].

Cookies are defined as popular confectionary product manufactured with wheat
flour, that have high caloric value and are low in protein and fiber content [15], commonly
called biscuits in some regions [16]. Cookie consumption increased worldwide, mainly
due to their extensible shelf life, convenience and urbanization [10], but their nutritional
value should be improved. In this view, BSG could represent an affordable and valuable
raw material, able to increase the cookies’” nutritional value.

The aim of the present research is to evaluate the variability of five different brewers
spent grains by-products and their impact on the nutritional composition, functional
properties and sensorial profile of developed food products.
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2. Results & Discussion
2.1. BSG Samples Proximate Composition

Proximate composition of the raw materials is displayed in Table 1. Protein content
of the wheat flour (WF) was the lowest (10.03%), while BSG samples’ protein content
ranged between 24.00 to 25.80%. According to a large body of literature, BSG protein con-
tent could vary between 24.0 to 15.2%, [17] while Shih et al. [18] mentioned a protein value
content ranging from 14.2 to 31 g/100 g. Moisture parameter did not differ significantly
between BSG samples (7.21% to 7.52%), while WEF value (14.5%) was significantly different
(p <0.05).

Regarding the BSG total lipids content (Table 1), a significant difference (p <0.05) was
highlighted between BSG samples, with the smallest amount being exhibited by BSG3
(5.96%), while BSG2 recorded a value of 7.05% total lipids. The results are in line with
those mentioned in the literature, with Farcas et al. [7] reporting a BSG lipid value ranging
between 5.40 to 11%. Triacylglycerols, free fatty acids, diacylglycerols, monoacylglycerols,
phospholipids and steroid compounds were reported by Farcas et al. [7] as being predom-
inant BSG lipid classes.

The total ash content in the present study ranged between 2.85 and 3.46%. This result
aligned with previous studies, where ash was reported in a range of 2.4-4.6% by Mussatto
etal., [17] between 2.68-4.10 g/100 g by Shih et al. [18], and in a total amount between 2.2
7.9%, as mentioned by Aliyu et al. [19].

With respect to crude fiber content (Table 1), the differences between BGS samples
were not significantly different (p < 0.05), while WF registered the smallest fiber amount.
The main BSG fibers are cellulose, hemicellulose and lignin, and registered values be-
tween 60-70 g/100 g d.w., as emphasized by Shih et al. [18]. Amoriello et al. [6] reported
arabinoxylans and beta-glucan as the main representative of soluble and insoluble fibers
involved in the prevention of different gastro-intestinal disorders, the regulation of serum
cholesterol and in the treatment of ulcerative colitis. Furthermore, beta-glucan was re-
ported as a potential prebiotic with a positive influence on gastrointestinal tract, while
arabinoxylans could contribute to glucose reduction [9]. Moreover, there is a daily recom-
mendation of 25 g of dietary fiber, as emphasized by Ajanaku et al. [16]. The variations in
BSG samples chemical composition could be related to several factors, such as barley va-
riety, type of used malt, harvesting conditions, the brewing process and the time when
BSG is taken out from the brewing process [20].

Regarding the raw materials total phenols content (Table 1), the highest values were
reached by BSG3, followed by BSG4 and BSG1, with values of 258.12 mg GAE/100 g f.w,
242.56 mg GAE/100 g f.w. and 236.31 mg GAE/100 g fw, respectively. The high amounts
of polyphenols could be justified by the fact that the majority of the polyphenolic content
are identified in the husk barley grain, which represent the main component of BSG [17].
In the same vein, Socaci et al. [21] underlined that BSG could be considered as a rich source
in phenolic compounds, being mainly composed of coat-pericarp-husk layers barley
grain. Moreover, using scanning electron microscopy, Ktenioudaki et al. [22] emphasized
once again that BSG structure is formed mainly of barley husks and fiber filaments, and
the idea was straightened by Farcas et al. [23], who defined BSG as being mainly com-
posed of barley grain husk, with only minor fractions of pericarp and barley endosperm.

A higher total phenols BSG content was reported also by Moreira et al. [11], who
emphasized that BSG obtained from a malt kilning temperature of 160 °C contained a
higher amount of total phenols, compared with BSG obtained from a malt kilning temper-
ature higher than 200 °C. Contrarily, the high kilning temperature could be able to break
up the acetal, ether and esters bonds that entrap phenolics, improving the bioactive com-
pound amount [18]. Another important parameter that could influence the extraction of
phenols from BSG is the extraction technique used, considering that BSG could be charac-
terized as a lignocellulosic material that might entrap the phenolic acid in the cell-wall
[21].
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The difference between BSG total phenols samples could be explained by the type of
malt used in the brewing process but also by melanoidins, which are compounds formed
during the kilning malt process through Maillard reaction [13]. Melanoidins are defined
as brown hydrophilic polymers which are formed in the last stage of Maillard reaction,
due to the interaction between proteins and carbohydrates (polyphenols being sometimes
also involved) [24,25]. Melanoidins are reported as having antioxidant and antimicrobial
properties, prebiotic activity and antihypertensive implications, which are mainly found
in dark beer, malt, cocoa, coffee and toast [24]. Furthermore, melanoidins from coffee were
claimed to have a positive role in colon cancer pathogenesis [24].

With respect to radical scavenging activity, BSG3 reached the highest extended value
(26.77%), followed by BSG4 (24.59%) and BSG1 (24.31%), respectively. BSG extracts from
Pilsen and black malt were reported by Moreira et al. [13] as having a strong in vivo anti-
oxidant activity, being able to protect the cells yeast of Saccharomyces cerevisiae against ox-
idative DNA damage.

Table 1. Proximate composition of dried BGS (brewers spent grains) samples and WF (wheat flour).

Parameters

WF BSG1 BSG2 BSG3 BSG4 BSG5

Moisture (%)
Protein (%)

14.5+0.04° 721+£0.05a 752+0.222 749+0.032 7.51+£0452 7.35+0.052
10.03+0.252 2490 £ 0.03 bc 25.02 £0.12724.42 + 0.31 b 24.00 + 0.34> 25.80 = 0.09¢

Lipids (%) 10140032  649+004b 7.05+0.05< 596+021 6.60+0.325 690 +0.06¢
Ash (%) 048+0.022 346+033b 285+0.08b 3.82+0.76c 3.12+0.04b 3.01 +0.04b
Crude fiber (%) 037+0442  1428+029b 14.99 +0.34b 14.54 +0.18 b 15.02 + 0.51b< 14.82 + 0.55 be
Total carbohydrates (%) 7478 +0.78 <  43.66+070b 4257 +0.7743.77 +133>43.75+1.62242.12+1.152
Total phemli S’r)‘g GAE/1008 531144009+ 236.08+037¢ 211'26;" 0-55 508 12 + 0.761242.56 + 0.45¢ 220'16f 0.22

Antioxidant activity (%)

798+0.552  2431+0.23¢ 22.56+0.89P 26.77 +0.33 4 24.59 + 0.55 ¢ 22.88 + 0.44"

Different small letter in a row indicates the significant difference between samples (p < 0.05); values are presented as means
of three determinations + SD; f.w.—fresh weight.

2.2. BSG (Brewer Spent Grains) and WF (Wheat Flour) Color Characteristics

BSG color parameters such as lightness (L* value), redness (a* value) and yellowness
(b* value) are displayed in Table 2. CIE color values are calculated using a mathematical
model based on a white light source, object and human observer that represent all colors
in terms of L* lightness, a* redness-greenness and b* blueness-yellowness [26].

With respect to lightness, significant differences (p < 0.05) were identified between
WEF and BSG samples (Table 2). The lowest value of L* was registered by BSG3 samples,
being the most brown sample of all the selected BSGs (Figure 1).

BSG1 BSG2 BSG3 BSG4 BSG5

Figure 1. WF (wheat flour) and BSG (brewers spent grains) samples with their corresponding final baked cookies; BC-
cookie sample manufactured with 100% WEF; B1—cookie sample manufactured with 20% BSG1; B2—cookie sample
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manufactured with 20% BSG2; B3 —cookie sample manufactured with 20% BSG3; B4 —cookie sample manufactured with
20% BSG4; B5—cookie sample manufactured with 20% BSG5.

The darker color of BSG3 samples could be explained by the type of malt used and
by kilning temperature. At higher temperature reactions such as Maillard, caramelization
and pigment degradation could take place and changed the BSG color, reducing its bright-
ness [8]. In the last stage of Maillard reaction, during malt kilning, a brown high molecular
compound could be formed, such as melanoidins, which was mainly identified in dark
BSG [11,27].

Regarding a* and b* values, the lowest values were recorded by WF, while BSG1 reg-
istered the highest a* value and BSG5 the highest b* value (Table 2). Changing in color
parameters by addition of BSG have also been reported by a large body of literature
[8,15,28,29].

Table 2. Color characteristics (CIE L¥, a*, b* values) of BSG (brewers spent grains) types and WF
(wheat flour).

Samples L* a* b*

WF 98.84+0.77 f 1.38 +£0.322 11.03 £0.57
BSG1 52.46+0.95° 10.24+£0.19 ¢ 21.75+0.030
BSG2 60.36 +0.63 4 7.42+0.10" 20.19+£0.53 "
BSG3 48.24+0.812 8.97 £0.23 be 21.76 £0.30
BSG4 59.61 +0.77 9.53 +0.14 be 22.38+0.34¢
BSG5 61.96 +0.56 ° 9.32+0.18 be 22.71+0.344

different superscript letters in a column indicates significant differences between samples; light-
ness (L*), redness (a*), yellowness (b%).

2.3. Mineral Determination

Mineral content of the raw materials is presented in Table 3. BSG is a rich source of
macrominerals and microminerals, from which calcium (Ca), sodium (Na), magnesium
(Mg), phosphorus (P) and zinc (Zn) reached higher values in all BSG samples. This is in
line with Waters et al. [30], who showed that BSG is a rich source in minerals such as Ca
and Mg, being able to ensure the human daily recommended requirements for Mg (255
mg/day).

With respect to BSG minerals content, Bonifdcio-Lopes et al.,, (Bonifacio-Lopes,
Teixeira and Pintado 2020) mentioned that BSG minerals content could vary, as follows:
P (1400-600 mg/kg), Ca (2200-3515 mg/kg), Mg (1900-2400 mg/kg), Na (258.1-700 mg/kg).
Furthermore, Naibaho et al. [8] justified the difference in BSG mineral content through the
type of processing beer, handling and the drying method of the spent grain used,
corelated with the treatment during storage. Likewise, a study of BSG from Brazil, Portu-
gal and Ireland emphasized that minerals content could vary, and this is attributed to
several factors such as barley type, harvest time, cultivation conditions and type of ad-
juncts used during wort elaboration [31].

Table 3. Mineral’s content of dried BSG (brewers spent grains) and WF (wheat flour) samples.

Parameters (mg/kg) WEF BSG1 BSG2 BSG3 BSG4 BSG5
Macrominerals
Calcium 188.12+0.732 1241.40£0.67 ¢ 1232.07 £0.62> 1271.11 £ 0.23 f 1258.37 +(0.52 ¢ 1244.13 + 0.22 d
Potassium 1284.05+0.89f 486.14 £0.552 494.81+0.43> 508.03+0.134 514.37 +£0.76¢ 503.15+0.18¢
Sodium 76.10 £ 0.672 218.30+£0.344  203.38+0.21* 226.35+0.39¢ 22545+0.32¢ 211.68 +0.65¢
Magnesium 201.32+0.55a  741.21£0.54¢ 752.87+£0.16¢ 761.14+0.55f 729.35+0.44> 738.98 +0.54¢
Total 1561.47 £2.842 2687.05+2.10¢< 2683.13 +1.42"> 2766.63 +1.30 £ 2727.54 +2.04 ¢ 2697.94 + 1.59 4

Microminerals
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Iron
Zinc
Manganese
Copper
Phosphorus
Total

9.12+0.492 12346 +£0.334 104.78+0.32> 131.24+0.33f 126.86+0.62¢ 116.06+0.33¢
8.41 +0.382 141.08+0.174  129.04 £ 0.12> 144.17 £0.22¢ 133.16 +0.45¢ 129.14 +0.56°
5.12+0.732 47110414  49.16+0.19¢ 46.29+0.11¢ 39.75+0.17> 41.80+0.13¢
6.22+0.322 16.08+0.23d  1712+0.564 15.06+0.20b 14.81+0.55b 13.98+0.38°
1027.23 £0.882 3003.92+0.314 3011.54 £0.43¢ 2995.38 +0.42¢ 2989.73 + 0.49° 3034.13+0.45f
1056.10 £2.802 3331.65+1.454 3311.64 +1.62 < 3332.14 +1.28 4 3304.31 +2.28 " 3335.11 +1.85¢

Different small letter in a row indicates the significant difference between samples (p < 0.05); values are presented as means
of three determinations + SD.

2.4. Volatile Aroma Compounds

A total number of 26 aroma volatile BSG compounds were separated, identified and
displayed in Table 4 and illustrated in Figure 2. For a matter of facilitation, the volatile
compounds were divided in alcohols, aldehydes, ketones, terpenes and terpenoids and
others. From the alcohols group, the smallest amount was identified in BSG1 (1-pentanol:
2.72%), while BSGS5 registered a 1-pentanol amount of 5.36%.

The aldehydes group was mainly represented by 2 methylpropanal, 3-methylbuta-
nal, 2-methylbutanal and hexanal (Table 4), which registered values of 29.8% (BSG 2 sam-
ple), 29.05% (in BSG 3), 24.19% in BSG3 and 19.81% (in BSG2 sample), respectively. These
results aligned with Ktenioudaki et al. [32], who also identified the aforementioned alde-
hydes compounds in BSG flour, and explained their provenience through fermentation
process and the Maillard reaction. Moreover, the content of aldehydes is a consequence of
kilning and roasting malt processes, as a result of lipid enzymolysis and volatilization.
The suitable manipulation of the malting process could influence the total amount of al-
dehydes, as mentioned by Dong et al. [33].

Ketones were characterized by 2-heptanone (1.09% for BSG2 sample), ethanone, 1-[4-
(1-methylethyl) phenyl]- mostly identified in BSG1 sample and 3-Octen-2-one (0.52% in
BSG3 sample), which are responsible for odor perception such as fruity, fungal, buttery,
warm spicy, woody, herbaceous and earthy, spicy, herbal, sweet, nutty and fermented,
respectively (Table 4). Odor perception such as citrus, fresh, sweet and fresh citrus, terpe-
nic, woody and spicy were mainly exhibited by D-limonene and p-cymene, who registered
significant amounts in BSG2 and BSG1 samples, respectively.

With respect to WF, a total number of only five aroma volatile compounds were iden-
tified, the main representative being 2-methyl-propanal (52.1%), hexanal (37.05%), aceto-
phenone (8.12%) and D-limonene (0.63%); 2-methyl-propanal is responsible for odor per-
ception such as wine, solvent, malty, fruity, hexanal for odors such as intense green, alde-
hydic, fruity, oily, meantime acetophenone gave odor perception of floral, must, spicy,
almond, nutty and D-limonene exhibited odor perception such as citrus, fresh and sweet
(Table 4). This result is in line with Farcas and al. [34], who showed that WF is a poor
source in aroma volatile compounds, based mainly on aldehydes (91.99%) and ketones
(8.02%).
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Citrus / Tropical fruits

Woody

Oily / Waxy

Pungent

Earty

Wine/Cognac

Floral / Fruity

—WF——B5G1

Malty / Cereal
9

Dried fruits

Green [ Grass

Chocolate / Cocoa

Solvent

Nutty / Almond

Coffee / Roasted

BS5G 2

BSG3 —BSG4——BSG5

Caramel/ Burnt sugar

Figure 2. Aroma profile of wheat flour (WF) and different BSG (brewers spent grains) types of main
compounds classes identified during GC-MS analysis.

Table 4. The volatile fingerprints of WF (wheat flour) and dried BSG (brewers spent grains) samples expressed as arbitrary
units (a.u.) from the relative peak areas.

Volatile Compounds RT (min) WEF BSG1 BSG2 BSG3 BSG4 BSG5 Odour Perception
Alcohols
P t. F ted, bread
1-pentanol 5.236 nd. 27240020 3.65+0.3454.63+0.1254.09+ 0565 536+023¢c oo ermented, bready,
wine, cereal, balsamic, fruity
1-octen-3-ol 14.683 nd. 0.52+0.125 053+022%045+0.3520.63+021 ¢ 0470455 ushroom earthy, green, oily,
umami sensation
0.08 +0.02 . .
2-ethyl-1-hexanol 17.046 n.d. n.d. - n.d. 0.03+0.012 0.09+0.022>  Citrus fresh, floral, oily, sweet
Total n.d. 324+0.152 4.26+0.5875.08+0.4744.75+0.78< 5.92+0.70 ¢
Aldehydes
2-methylpropanal 2.512 521+0.77f 22.8+0.04b 29.8+0.23¢ 19'14j 0.14 24'11:: 0.21 27.17+0.134  Wine, solvent, malty, fruity
3-methylbutanal 3337 nd. 27.0 4 0.78 be 22.34 +0.87 29.05 +0.39 8.0+ 081 25.13 % 0.35b Dried fruits, nutty, chocolate, co-
a c coa, fatty
2-methylbutanal ~ 3.469 nd. 200564 11840732 +19 082 175 gg5¢ 150320200 Malty, cocoa chocolate, coffee,
e caramellic, malty, nutty, rummy
hexanal 6468 37054088 12.064044a 19.81: 0.55 14.20: 0.83 15.l6b:; 0.29 17.16 + 0.424 Intense green,;llc}i’ehydlc, fruity,
heptanal 11.036 nd. 070024 0290012036 £0.020.46 +0.025 0584002 T Oﬂy’riaot:\yd’ cognac, al-
2-heptenal 13.613 n.d. n.d. 0.09 £0.01200.09 £ 0.012>  n.d. 0.04+0.012 Intense green, fatty, oily, fruity
octanal 15.74 n.d. 0.27+£0.02¢  0.2+0.01» 0.21+0.01»0.11+£0.012 0.12+0.02=  Waxy, fat, soap, lemon, green
nonanal 20.151 n.d. 0.17+0.023> 0.19 £ 0.032»0.10 £ 0.01 2 n.d. n.d. Waxy, fat, citrus, green
2-butyl-2-octenal 26.845 2.1+0.02? 0.08+0.01a 0.12+0.022 0.06 +0.022 0.09 +0.022 0.17 +0.022 Green, vegetable, herbal
84.64 +2.46 87.40 +2.25 85.23 +2.21
Total 91.25+090c 86.08+1.89 N N F7 854021190
Cetones
0.08 +0.01 .
2-hexanone 5.997 n.d. 0.1+0.0120 n.d. n.d. b 0.02+0.012  Fruity, fungal, meaty, buttery
2-heptanone 10.455 n.d. 0.82+0.022  1.09+0.03¢0.96+0.04>1.26+0.05¢ 1.17+0.06 ¢  Cheesy, fruity, spicy, creamy
6-methyl-5 hepten-2- ) 54, n.d. 0.08+0.02: 026+0.02% nd nd.  009:001.  [Tuity green citrus herbal,
one creamy
Earthy, spicy, herbal, sweet,
3-Octen-2-one 17.267 n.d. 0.44+0.21% 0.37+0.072 0.51 +£0.02<0.48 + 0.03bc 0.63 +0.034

nutty, fermented
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Acetophenone 18.402

3,5-Octadien-2-one 18.643
-1-[4-(2-hydroxypro-
pan-2-yl)phenyl]etha-  25.81
none
Total

8.12+0.234 0.16+0.01> 0.19+0.02> 0.08 +0.032 0.56 + 0.04 < n.d.

Floral, must, spicy, almond,

nutty
n.d. 0.24+0.022 0.35+0.05" 0.44+0.12¢0.31 £0.022> 0.29 £ 0.022> Fruity, woody, mushroom, fatty
n.d. 1.6+0.08c 1.04+0.22°0.40+0.1321.12+0.15 n.d. Warm spicy, woody, herbaceous

8.12+0.234 344+037b 3.31+041°239+0.3423.81+030¢ 2.21+0.112

Terpene and Terpenoids

Tropical fruits, woody, sweet,

B -trans-Ocimene  12.356 nd. 03£001° nd.  036+0.02b03£002b 0.09+002¢
floral, green
{3 -Pinene 14.406 n.d. 0.98+0.25« 0.85+0.31¢0.16 £0.02200.22 +0.01> 0.11+0.022 Woody, green, pine
p-cymene 16.599 n.d. 16450254 0924011 0.38+0.052 059 £0.03> 0.68+003> ToN Cltms’st;irgemc’ woody,
D-Limonene 16.803 0.63 +0.022 271+0.03¢ 3.32+0.054222+0.122.72+0.45¢ 2.75+0.31¢ Citrus, fresh, sweet
Total 063£0.02¢ 563+054¢ 509+0474312+021b3.83+051¢ 3.63+0.38>
Others
12,4-di I-
methyl 2 4-dimethyl-—,, ;; n.d. nd. nd. nd. 011001+ 011001 Walnut, dry, woody
3-oxopentanoate
h
2-pentylfuran 15.085 nd. 1364004 214+0.05¢ 2,01 £071¢ 18420375 25520450  Creerv earthy, beans, musty,
cooked, caramellic
7-Dimethyl-1-oc- 57+0.02
5 m;:ney °“ 1642 nd. 02520020 C7E02 g 430020 01940020 Woody, pine, herbal
Total nd. 16140062 271+0.0742.01+0.7152.38+040¢ 2.85+048¢

different small letter in a row indicates the significant difference between samples (p < 0.05); values are presented as means
of three determinations + SD; n.d. — not detected.

2.5. Proximate Composition of the Final Baked Goods

Proximate composition of the samples is illustrated in Table 5. BSG addition in-
creased the protein, ash and crude fiber cookies content, being statistically different (p <
0.05) from the control sample (Table 5). The cookies moisture content is significantly
higher compared to the BC sample, mainly because of fiber BSG composition, which leads
to better water absorption [34]. On the other hand, the physical fat entrapment during
mixing, thanks to the newly formed network and the strong interaction between fat and
BSG protein content, could lead to better fat absorption [35], and therefore to a higher
moisture sample content. Moreover, BSG fiber plays an important role in water absorp-
tion, due to the greater number of hydroxyl groups, which allows more water interaction
through hydrogen bonding [36].

The increased moisture of final products samples with increased BSG addition was
also recently emphasized by Odeseye et al. [35], who showed that a moisture content
smaller than 12% is able to inhibit enzymatic and microbial activities, improving the sta-
bility and shelf life of the biscuits.

The highest content of protein was identified in B5 sample (8.89%), while the BC sam-
ple registered a value of 6.65%. This result could be attributed to BSG higher protein con-
tent compared to the WEF. Similar patterns of biscuits and cookies protein enrichment
through the utilization of BSG were reported by Guo et al., Odeseye et al. and Oztiirk et
al. [28,35,37]. With respect to crude fiber content, addition of BSG increased the total crude
fiber amount compared to that of BC samples, mainly due to BSG high content in crude
fiber (ranging between 14.28% to 15.02%, Table 1). These results aligned with previous
studies, which reported a linear increasement of cookies dietary fiber and baked snacks
total fiber content, with increasing BSG levels [28,32]. In this light, Odeseye et al. [35]
showed that the BSG biscuits fiber increment was attributed mainly to cellulose, lignin
and hemicellulose BSG content, but also to the transition of insoluble fiber to soluble die-
tary fiber, owing to their alteration and formation of resistant starch.

The addition of BSG decreased total carbohydrate samples content (Table 5) com-
pared to the BC sample. A possible explanation of decreasing carbohydrate BSG samples
amount is mainly because of BSG’s low starch content (42.32%), considering that during
the mashing process, the majority of starches were solubilized and digested [35].



Plants 2021, 10, 2504

9 of 21

Furthermore, the cookies energy (kcal/1005) decreased through BSG addition, mainly be-
cause of its lower carbohydrate content (42.12-43.77%, Table 1) compared to WF (74.78%,
Table 1).

Table 5. Proximate characteristics (% f.w.) of the cookie’s samples.

Parameters BC B1 B2 B3 B4 B5
Moisture (%) 7.04+£0.09 2 7.88+0.05% 8.61x0.26¢ 821+0.07> 794+0.37> 856+0.24c¢
Protein (%) 6.65 +0.43 2 852+0.21b 876+0.3b 8.64+0.54bc 858+0.11° 8.89 +0.03bc
Lipids (%) 18.12+0.09 = 18.86 £0.57¢ 18.93+0.11¢ 18.64+0.52b 18.73 +0.31 b<18.81 + 0.08 b«
Ash (%) 0.71 £0.03 = 1.14+022<«d  098+0.03> 1.19+0.23¢ 1.07+0.03bd 1.03 +0.02 bc
Crude fiber (%) 0.69 £0.02 2 322+0.11% 336+0.13> 3.27+0.056b 3.38+0.12bc 3.33 +£0.05 be
Total carbohydrates (%) 66.79+0.66°> 60.38+1.162 59.36+0.832 60.05+1.412 60.30+0.942 59.38 +(0.42 2
Energy (kcal/100 g) 47754 +0.04¢ 464.32+0.05° 461.54 +0.09 a 461.39 + 0.34 2 463.02 + 0.55 461.08 +0.77 2

Total phenols (mg GAE/100

g f.w)
Antioxidant activity (%)

9.42+0.03 2 50.49+0.20¢ 47.01+£0.02° 53.58£0.054 51.40+0.41°c 48.26 £0.17"
4.79£0.09 2 13.54+0.03> 14.59+0.01b 17.45+0.114 1525+0.12¢ 13.73+£0.12"

Different small letter in a row indicates the significant difference between samples (p < 0.05); values are presented as means
of three determinations + SD; f.w.—fresh weight; BSG (brewers spent grains); BC-cookies sample manufactured with 100%
WE (wheat flour); B1 —cookies sample manufactured with 20% BSG1; B2 —cookies sample manufactured with 20% BSG2;
B3—cookies sample manufactured with 20% BSG3; B4 — cookies sample manufactured with 20% BSG4; B5—cookies sam-
ple manufactured with 20% BSGS5.

The total phenols higher values of baked samples compared to the BC sample could
be explained by BSG'’s higher total phenols content (211-258 mg GAE/100 g f.w., Table 1)
compared to those of WF (31.14 mg GAE/100 g f.w. Table 1). This increment could be
justified by BSG content in hydroxycinnamic acids such as p-coumaric, ferulic, sinapic
and caffeic acids [38], as well as through its content in p-hydroxybenzoic, protocatechuic
and chlorogenic acids, together with ferulic, p-coumaric and sinapic acids [21]. Ferulic
and p-coumaric acids are identified in bigger amounts in BSG (35-490 mg/100 g d.w and
6.7-180 mg/100 g d.w., respectively), with ferulic acid being considered as the BSG target
product [39]. Moreover, ferulic acid has similar effect to vitamin C, being used in preven-
tion of food oxidation [39]. With respect to samples with different types of BSG addition,
the highest total phenols amount was reached by the B4 sample, followed by B3 and B1
sample, respectively (Table 5). A strong Pearson relationship (r2=0.9965) was identified
between BSG raw material and their corresponding final baked goods.

The phenolic molecules have been claimed by literature as having high antioxidant
activity, exhibiting a potential protective role against chronic diseases such as diabetes,
cancer and cardiovascular diseases [6,7]. Furthermore, hydroxycinnamic acids revealed
anti-inflammatory, anti-platelet aggregation and antibacterial effects [40], and ferulic acid
was claimed to have a positive influence on the gastrointestinal tract, being able to medi-
ate a prebiotic modulation in gut microbiota [29].

In the present study, the BSG cookies antioxidant activity (Table 5) is bigger than the
BC sample (Table 5), mainly due to higher BSG radical scavenging activity (22.56-25.41%,
Table 2), compared to those of WF (7.98%, Table 1). A strong Pearson correlation (r2=
0.9717) between BSG and final baked goods antioxidant activity emphasized the influence
exhibited by the different types of BSG. The increased level of total phenols by the addi-
tion of BSG was emphasized also by Shih et al. [18] who showed that muffins with 20%
BSG exhibited higher values of total phenols and antioxidant activity compared to the
control sample. BSG total phenols could act as antioxidants in food manufacturing and
processing, enhancing the antioxidant activity of the final baked products [18].
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2.6. Mineral Samples Content

The cookies” mineral content is displayed in Table 6. The addition of different BSG
types influence in a positive way the macro and mineral content of the baked goods, ex-
cepting Na content, which was bigger in the BC sample. This could be justified by the
higher amount of Na in WF (1284.05 mg/kg, Table 2) compared to BSG samples (486.14—
514.37 mg/kg). Generally, BC sample is poorer in minerals (Table 6) compared to BSG
samples, mainly due to less wheat flour minerals content (Table 3). In view of this, it is
important to mention that, as reported by Gémez et al. [41], refined wheat flour, mainly
used for bakery and pastry products, is a poor source in minerals, as follows: Ca (150
mg/kg), Mg (220 mg/kg), P (1080 mg/kg), Fe (11.70 mg/kg).

From the macro-minerals group, the richest sample in Ca and Mg was B3, registering
values of 320 mg/kg and 159.49 mg/kg, respectively (Table 6). Microminerals such as Fe
registered a higher value in B3 sample, while P was significantly higher in BS sample
(952.25 mg/kg). Pearson correlations of r2=0.998 and r2=0.997 showed a strong relation-
ship between the total amount of BSG macro and micro-minerals compared with the final
baked products.

Minerals such as Ca and Mg are reported by the literature as being involved in hu-
man metabolism by having a positive influence on bone structure, water and salt balance,
while Zn deficiency could lead to dry skin, brittle nails and respiratory tract infections
[42]. Furthermore, in the USA, the fortification of cereals goods in Ca is considered a pos-
itive factor in reducing the apparition of cancer colon and osteoporosis. A diet supple-
mented in Mg is highly recommended, since this could offer protection against obesity
and diabetes mellitus type 2 [30].

Table 6. The macro and microminerals content of developed cookies.

Parameters (mg/kg) BC B1 B2 B3 B4 B5
Macrominerals
Calcium 222.75+0.772  317.54+0.29°* 316.70+0.81> 320.22+0.554 319.07 +0.22<d 317.79 + (0.18%c
Potassium 77350 +0.44¢  701.69+0.262 70247 +0.41 b 703.66 +0.19b 704.23 +0.55¢ 703.22 + (.42 bc
Sodium 253.31 +0.492 26599 +0.22bc  264.65+0.64> 266.72+0.92¢ 266.64 +0.18< 265.40 +0.1bc
Magnesium 109.11 £0.62a 157.70+0.33bc 158.75+0.37 «d 159.49 +(0.72¢d 156.63 + 0.52> 157.50 + (.22 bc
Total 1358.55+2.32a 144292 +1.10% 1442.57 +2.23"> 1450.09 +2.38 d 1446.57 +1.47 < 1443.90 + 0.96 ®
Microminerals
Iron 6.79+0.17 a 17.08+0.11<  1540+0.05> 17.78+051¢ 17.39+0.36¢c 16.42+0.07 bc
Zinc 5,59 +0.16 2 1753 +0.03< 1644 +0.06> 17.81+027< 16.82+0.13> 16.45+0.03b
Manganese 258 +0.73 2 6.36 = 0.31 be 6.55+0.05%  6.29+0.04>  570+0.02° 5.88+0.05°
Copper 227 +0.124 4.65+0.13° 475 +0.02° 456 +0.07°® 454+055° 4.46+0.12P
Phosphorus 771.63+0.53a 94954 +0.90b 950.22 +0.87c 948.77 +0.78° 948.26+0.49° 952.25+(.514d
Total 788.87+1.71a 99516+1.48c 993.36+1.056> 99521 +1.67¢c 992.70+1.55> 995.47 + 0.63 ¢

Different small letter in a row indicates the significant difference between samples (p < 0.05); values are presented as means
of three determinations + SD; f.w. —fresh weight; BSG (brewers spent grains); BC-cookies sample manufactured with 100%
WEF (wheat flour); B1 —cookies sample manufactured with 20% BSG1; B2 —cookies sample manufactured with 20% BSG2;
B3 —cookies sample manufactured with 20% BSG3; B4 — cookies sample manufactured with 20% BSG4; B5— cookies sam-
ple manufactured with 20% BSGS5.

2.7. Volatile Aroma Compounds Analysis

The aroma volatile profile of the final baked products and their odor perception are
displayed in Table 7, and divided into six groups as follows: alcohols, aldehydes, ketones,
esters, terpene and terpenoids and other compound classes. Positive Pearson correlations
were identified between alcohols, aldehydes and ketones groups (r2=0.801, 0.798, 0.732)
from BSG samples and final baked goods. The predominant volatile aroma compounds
are aldehydes, with a total amount of 64.39% for the control sample and 68.31% to 75.37%
for the BSG final baked samples. From the aldehydes group, the main compounds from
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BC sample were hexanal (32.03%), followed by 2-methyl-propanal (22.14%), while acetic
acid, hexyl ester (10.81%) and 2-heptanone (8.6%) were the main representants of the es-
ters and ketones group.

With respect to cookies samples with different BSG type addition, from the alde-
hydes, group 2-methyl-propanal reached the highest content in the B1 sample (25.03%),
followed by hexanal, which was identified in a total amount of 20.29% in the B2 sample,
by 3-methyl-butanal, mainly identified in the B3 sample and 2-methyl-butanal, mainly
identified in the B1 sample (15.8%). The aforementioned compounds from the aldehydes
group are responsible for odor perception such as malty, fruity, dry fruits, nutty, choco-
late, cocoa, fatty and caramelly, leading to a pleasant consumer odor perception, and have
been also identified in bigger amount in BSG samples (Table 4 and Figure 3). This finding
suggests that the different BSG types exhibited a positive influence of the final baked
aroma volatile compounds samples. For a better comprehension of the cookie’s aroma
profile, samples were grouped considering their odor perception and illustrated in Figure
3.

The results are in line with those obtained by Farcas et al. [34], who mentioned almost
the same aldehydes compounds in final baked goods such as bread, by replacing wheat
flour with a different BSG addition. In snacks manufacturing, Ktenioudaki et al. [32] iden-
tified as main BSG aldehydes compounds 3-methyl-butanal, 2-methyl-butanal, pentanal
and butanal, showing that the source of 2-methyl-butanal and 3-methyl-butanal might be
through fermentation and the Maillard reaction, while 2-methyl-propanal could be exhib-
ited through fermentation and dough processing.

The Maillard reaction is defined as a non-enzymatic process based on the reaction of
amino-acids and sugars, which leads to the formation of melanoidins (brown pigments)
and various volatile compounds such as aldehydes, amino-ketones, pyrazines, pyrroles,
oxazole’s and thiophenes [43]. There are two main stages during the Maillard reaction:
Strecker degradation and Ehrlich pathway. It seems that during Strecker degradation,
thanks to the reaction between amino-acids and dehydroreductones, aldehydes are
formed. For instance, 3-methyl-butanal was corelated to leucine amino-acids, 2-methyl-
butanal to isoleucine and 2-methyl-propanal with valine amino-acid [43]. The formation
of aldehydes, thanks to Strecker degradation, is sustainable considering that BSG is a rich
source in amino-acids such as leucine (6.12% total protein), isoleucine (4.64% total protein)
and valine (4.61% total protein), according to [9].

Hexanal (from the aldehydes group) is a result of lipid oxidation process, and is was
reported by Bernal et al. as an off-flavor compound [44]. Hexanal was identified in a larger
amount in control cookies samples (32.03%), while in BSG cookies the amount ranged be-
tween 16.18% to 20.29%. The higher hexanal amount in the BCM sample could be ex-
plained by the fact that WF is abundant in hexanal (37.05%, Table 3), while BSG hexanal
content was identified in a range of 12.06% to 19.01%.

From the alcohols group, two compounds were identified (1-Pentanol, 1-Octen-3-ol),
which according to Farcas et al. [23], are considered as lipid oxidation products with a
bready, balsamic, green and earthy odor. 2-Heptanone and acetophenone were the iden-
tified compounds from ketones group, responsible for odor perception such as sweet
fruity, fresh ripe and slightly green.
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Malty

Sweet / Pear Dried fruits

Cheesy / Creamy Green

Citrus / Fresh Caramellic

Cooked Chocolate / Cocoa

Qily Solvent

Earty / Mushroom Nutty / Almond

Wine Coffee / Roasted

Floral / Fruity

—BC —B1 B2 B3 —B4

B5

Figure 3. Aroma profile of control sample (BC) and samples with different BSG (brewers spent
grains) types of main compounds classes identified during GC-MS analysis.

Table 7. Volatile aroma compounds of the final baked goods expressed as arbitrary units (a.u.) from the relative peak

areas.
Volatile Com-  RT B1 B2 B3 B4 B5 BM Odor Perception
pounds (min)
Alcohols

Pungent, fermented, bready, wine, ce-
l-pentanol 5236 122+003b 0.68+0212112+007b 252+0.13¢ 2.95+023¢ 023+0.02a oo ermented, bready, wine, ce
real, balsamic, fruity

Mush th il i
l-octen-3-0l  14.683 0.09+0.012 127+0.1151.13+021° 1.58+0.03> 1.45+0.22b 0.06+0.01a 00T, €arthy, green, otly, wmami

sensation
Total 1.31+£0.042> 1.95+0.32P 2.25+0.28"> 4.10+0.16° 4.40+0.45< 0.29+0.032 Citrus, fresh floral, oily, sweet
Aldehydes
20.10+0.23 . .
2-methylpropanal 2512 23.31+0.03¢ 25.03 +0.134 . 21.43£0.212024.3 +0.334 22.14 + 0.27 be Wine, solvent, malty, fruity

19.20 £ 0.21 15.08 £ 0.17 Dried fruit tty, chocolat
Fmethylbutanal 3337 17.12+033¢ 136303640 2 1490 +0.150 P EHT 4y gqp,  Pricd ity ; ocotate, cocon
16.44 £ 0.2 11.56 £ 0.2 Malt hocolat: £f -
2-methylbutanal 3469 15804034 92220550 104402 134, 134 11962023 50, o, Malty, cocoa, chocolate, coffee, cara
f c mellic, malty, nutty, rummy
17.00 £ 0.42 16.18 £0.12
hexanal 6.468 17.34+0.132 20.29 +0.13P 1+ 16.85 +0.072 1+ 32.03+0.15¢ Intense green, aldehydic, fruity, oily
benzaldehyde 13.77 1.80+0.04¢d 1.27+0.02» 2.14+0.044 1.33+0.21" 1.47 +0.15b 0.52+0.022 Almond, burnt sugar
Total 7537 £1.044 69.44 +1.28¢ 74'88: 108 68.31£0.79" 68'595 088 64.39 £0.772
Ketones
2-Heptanone 10.469 517 +0.2326  7.91+0.14d4.28 +0.332 6.31 +0.115 6.88 +0.21<d 8.60 +0.21¢ Cheesy, fruity, spicy, creamy
Acetophenone 18403 247+0.032 4.13+0.03¢ 226 +0.052 3.38+0.03> 4.36+0.03¢ 6.59+0.134  Floral, must, spicy, almond, nutty
Total 7.64+026° 12.04+0.1746.54 +0.382 9.69 +0.14¢ 11'24; 024 15.19 £0.344
Esters

Tropical fruits, wood t, floral
Butyl butyrate 15459 3.32+0.03¢ 2.09+0.022 4.07+0.04¢ 2.80+0.04b 210+ 0.042 1860222 D A HUES ‘;:Zny’ sweet, Horal

2.61 £0.04
ab

Hexyl acetate 16.183 3.20+0.17> 1.99+0.212 2.00+0.052 2.05+0.022 10.81 £0.12¢ Woody, green, pine

Total 6.52+0.20> 4.08+0.232 6.69 +0.08° 4.80+0.092 4.15+0.062 12.67 +0.34¢
Terpene and Terpenoids
Limonene 16.774 2.01+0.03¢ 1.39+0.01P 2.06+0.03¢ 1.83 +0.22bc 1.47+0.112 0.18 +0.012 Citrus, fresh, sweet
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Others

Dimethyl disulfide

2-pentylfuran

Benzoic acid

4.393

15.085
22.276

221+0.02b 3.75+0.1140.64 +0.022 2.78 £0.03bc 3.19£0.03¢ 3.20+0.11¢

Vegetal, sulfurous, cabbage, malt,
cream

Total

15120020 436+002¢ 242031 500 011 468+0220 12920012 OreeT earthy, beans, musty, cooked,
be caramellike

3.43+022b¢ 299 +0.02253.71 +0.03¢ 4.73+0.049 2.28+0.032 2.79 + 0.034 Balsamic

715+026% 11.1+0.159 7.59 + 0.36b 11.27 + 0.184 10'15f 028 9840150

Different small letter in a row indicates the significant difference between samples (p < 0.05); values are presented as means
of three determinations + SD; BSG (brewers spent grains); BC-cookies sample manufactured with 100% WF (wheat flour);
B1—cookies sample manufactured with 20% BSG1; B2 —cookies sample manufactured with 20% BSG2; B3 —cookies sam-
ple manufactured with 20% BSG3; B4 —cookies sample manufactured with 20% BSG4; B5—cookies sample manufactured
with 20% BSGS.

2.8. Color Parameters and Physical Characteristics of Cookies

The color of the cookies changed in a significant way by BSG addition (Figure 1), with
L* a* and b* values being significantly different (p <0.05) from the control sample, as dis-
played in Table 8. The control sample had the highest values for L* and b* while a* value
was the lowest one. In the same vein, Heredia-Sandoval et al. [29] highlighted that L* and
a* values were negatively influenced by the increased BSG levels, while b* value recorded
a positive trend.

Likewise, Amoriello et al. [6] stated that BSG addition changed in a significant way
the color intensity of the final baked products such as pizza, breadsticks and bread by
decreasing lightness and yellowness (b*) parameters, while redness (a*) parameter regis-
tered increased levels. This could be mainly justified by BSG’s high amino-acid content,
which favored the Maillard reaction and influenced the lightness and redness parameters
[6]. In this vein, BSG is a rich in histidine (26.27% total protein), glutamic acid (16.59% total
protein), aspartic acid (4.81% total protein), valine (4.62% total protein), arginine (4.51%
total protein) but also in essential amino-acids such as lysine (14.31% total protein), leu-
cine (6.12% total protein) and phenylalanine (4.64% total protein) [45], being able to facil-
itate Maillard reaction.

The main physical evaluation of cookies is considered as width (diameter) and thick-
ness [29]. Moreover, Man et al. [46] mentioned spread ratio and weight as other physical
characteristics that should be analyzed, together with color [29]. The physical cookies
characteristics are displayed in Table 7. Regarding weight, there was a significant differ-
ence between control samples and BSG cookie (p < 0.05) mainly due to BSG higher content
of protein and fibre, which better retained water during thermal treatment. Diameter did
not differ in a significant way, while spread ratio encountered significant differences (p <
0.05) between the control sample and BSG samples (Table 7). Our results are in line with
those reported by Guo et al. [40], who mentioned no significant differences on biscuits
diameter, while thickness value registered only slightly variation with increasing BSG lev-
els. With respect to spread ratio, significant differences were recorded between control
samples and BSG cookies, and could be explained by the higher protein content of BSG
compared to WF, which during the mixing and baking process is able to form a protein
network able to enhance spread ratio values [8]. Moreover, Naibaho et al. [§] mentioned
that higher BSG addition could be involved in reducing diameter values, and therefore
influence the spread ratio value in a positive way.
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Table 8. Color and physical characteristic of cookies.

Color Parameters

Physical Parameters

Samples L* a* b* Weight (g) Thickness (cm) Diameter (cm) Spree(icdngactor
BC 76.21 £0.86¢ 6.04+0452 39.03+0.64¢ 13.01+0.02= 1.01+0.024 520+0.33a 5.20+0.352
Bl 5744 +0.66> 8.08+0.41> 25.31+043> 1421+0.04> 0.88+0.03® 5.30+0.21a 6.02 +£0.24
B2  62.39+048« 10.21+0.614 32.42+0.54¢ 14.03+0.02> 0.95+0.02c¢ 525+0.11a 552 +0.13°
B3 5229+0.812 7.47+0.32> 22.68+0.432 14.05+0.05> 0.85+0.042 5.35+0.31a 6.29 +0.354
B4 60.95+0.86¢ 9.32+0.54c 28.73+0.68c 14.11+0.04> 0.90+0.02" 5.40 £ 0.094 6.00+0.11d
B5 63.45+0.774 10.34+0.32¢ 32.61+0.64¢ 14.13+0.06> 0.92+0.04"e 5.35+0.042 5.94 +0.08¢

Different letters in a column indicates significant differences between samples; lightness (L*), redness (a*), yellowness (b*);
BSG (brewers spent grains); BC-cookies sample manufactured with 100% WF (wheat flour); B1—cookies sample manu-
factured with 20% BSG1; B2 —cookies sample manufactured with 20% BSG2; B3 —cookies sample manufactured with 20%
BSG3; B4 — cookies sample manufactured with 20% BSG4; B5—cookies sample manufactured with 20% BSGS.

2.9. Sensory Analysis

Combest et al. [47] highlighted that BSG addition could influence the sensorial fea-
tures of the final baked goods such as odor, color, texture and flavor, and therefore the
consumers’ sensory analysis regarding the acceptance of the new developed products is
highly required. The use of BSG in food manufacturing was associated with a positive
effect in increasing food’s appeal, consumers placing sensory properties after health issues
[8,48].

In the present study, for the appearance attribute significant differences were en-
countered between control sample and B3 sample (p < 0.05). This could indicate that pan-
elists were able to visually discriminate the sample based on their color and final surface
cookies degree imperfections. The highest appearance score was registered by the B3 sam-
ple, followed by B4 and B1 (Table 9). It was stated that BSG used in food manufacturing
is expected to increase food appeals, based on consumers’ awareness to place health food
benefits as a main criterion in food selection. Most of the published researchers suggested
that an addition of BSG as a substitution ingredient between 20-25% is considered to be
effective from the nutritional point of view [8]. For instance, the phrase “high in fiber” is
associated by consumers with outcomes such as “better digestion”, “satiety”, “natural and
pure” and “weight control” [48]. Moreover, Naibaho et al. [8] stated that the addition of
BSB had changed the color of the final baked goods into a unique dark color, which is
assumed to be healthier. The color changes could be also a result of pigment degradation,
caramelization, Maillard reaction and hydrolysis.

Texture was analyzed from attributes such as hardness, chewiness and crispiness
(Table 9). Crispiness was defined as the force and noise produced, while the sample breaks
during the chewing sample on the molar teeth [49]. With respect to hardness and chewi-
ness, addition of BSG increased the samples’ score, but to levels which were appreciated
by consumers (Table 8). The increased hardness values in BSG cookies compared to BC
could be explained by pentopans, a fiber BSG component that might cause hardening
through gluten protein cross linking [36]. In the same vein, Petrovic et al. [15] showed a
linear positive hardness and chewiness increasement on cookies, as the BSG level in-
creased due to its high content in proteins and fiber.

With respect to taste and aroma attribute, the B3 sample registered the highest he-
donic score (8.75), followed by B4 and B5 samples, respectively (Table 9). The aroma of
the final baked products could be influenced by the volatile compounds identified previ-
ously (Table 7), such as aldehydes group from which 2-methyl-butanal, 2-methyl-pro-
panal, 3-methyl-butanal and hexanal reached higher values and odor perception, such as
fruity, chocolate, coffee, malty, nutty and rummy, characterized the aforementioned
aroma volatile compounds; this could also explain the consumers’ preferences towards
the B3 sample. In the same idea, a study realized by Combest et al. [47] with 37 college
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students as panelists emphasized that BSG presented as a raw material in mason jars was
characterized as having odor perceptions such as “sweet”, “warm”, “earthy” and “nutty”.
Moreover, BSG aroma snacks was related to the fresh aroma of homemade bread, charac-
terized as smelling “like home”.

The overall appreciation attribute encountered that the B3 sample was highly appre-
ciated by consumers with a hedonic score of 8.97, followed by the B4 and B1 samples

(Table 8).

Table 9. Sensory evaluation of cookies.

Samples  Appearance Hardness Crispiness Chewiness  Taste and Aroma Overallﬁﬁgprema-
BC 785+0512  7.73+0.17 e 7.39 £0.22 7.72+£0.31a 7.91+0.02° 7.78 +£0.02
Bl 8.01+£0.23 7.90+0.34 ¢ 815+0.31» 7.90x0.11¢%b 7.50 +£0.03 8.15+0.03
B2 7.82+0.552 7.56+0.22a 8.01+041> 773+042a 7.90 +0.02° 7.75+0.122
B3 8.90+0.45¢ 8.10+0.114 845+034c 796+0.21 9.03+0.024 8.97 £0.04°
B4 8.51 £0.33 " 7.99 +0.56 ¢ 835+0.11¢ 7.82+055¢ 8.58 +0.04 < 8.17+0.03a
B5 7.93+0.222 8.05+0.12 ¢ 7.95+0.33>  8.01+0.63" 8.10£0.05% 7.94 £0.02 2

Different small letter in a column indicates the significant difference between samples (p < 0.05); values are presented as
means of three determinations + SD; BSG (brewers spent grains); BC-cookies sample manufactured with 100% WF (wheat
flour); B1 —cookies sample manufactured with 20% BSG1; B2 — cookies sample manufactured with 20% BSG2; B3 —cookies
sample manufactured with 20% BSG3; B4 —cookies sample manufactured with 20% BSG4; B5—cookies sample manufac-
tured with 20% BSG5.

3. Materials and Methods
3.1. Materials

The raw materials such as flour, butter, eggs, sugar, baking powder and salt were
purchased from a Cluj-Napoca store, Romania. The wheat flour (WF) was achieved from
a mill (Boromir, Deva, Romania) with an ash content of 0.48% (according to Romanian
classification, [50]) and a wet gluten content of 29.57%, as previously mentioned by Man
etal., 2019, [49]. The five BSG types were kindly offered by a local craft brewery from Cluj-
Napoca, dried during 12 h in a professional dehydrator (Hendi Profi Line, Utrecht, the
Netherlands) at 60 °C, and grinded with a laboratory professional mill (IKA A10, Staufen,
Germany). A sieve of 0.8 mm was used to sieved the grinded BSG, aiming to have the
same uniformity in particles. The microbiological safety of the BSG ingredients were eval-
uated through SR ISO 21527-2/2008 standard [51], according to the method described by
Chis et al. [52] and to Romanian Regulations (Order no. 27/2011), [53].

3.2. Types of Malt Used in Obtaining Brewers Spent Grain (BSG)

Table 10 displayed the types of malt (%) used for BSG by-product, the malt kilning
temperature and samples codification, as follows:

Table 10. BSG (brewers spent grains) samples codification, type of malt used and kilning tempera-
ture.

A i Kilning T
BSG Samples Codes Malt Type Percent (%) pproximate Kilning Temperature

(°C)
Pilsner 78% 80-85
BSG1 Caramunich 20% 220
Carafa 2% 250
BSG 2 Pale Ale2RS  100% 80-85
Munich 70% 100-105
BSG 3 Cara Gold 18% 220

Melano 8% 130
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Chateau o
Black 4% 235
Pale Ale 56% 80-85
Melano 26% 130
BSG 4 Munich 10% 100-105
Cara Gold 8% 220
Pale Ale 88% 90-95
BSG 5 Cara Amber 6% 220
Cara Blond 6% 220

3.3. Cookie’s Manufacturing

Five blends with the same BSG addition (20%, 80:20 WF:BSG, w:w) to the wheat flour
content were made (Table 11). The addition of replacing 20% of wheat flour with BSG was
based on our previously published articles [34], but also on an extensive literature re-
search [8,15,29,54]. After this, butter (65% fat) and powdered sugar were mixed until a
cream base was obtained. WF, BSG, salt and baking powder were added by mixing all the
ingredients with an automatic mixer (KitchenAid® Precise Heat Mixing Bowl, Greenville,
OH, USA). Technological parameters such as mixing, resting and baking were made ac-
cording to [49] and displayed in Table 11. A control sample was manufactured in the same
conditions with 100% WE. All the samples were laminated until reaching a thickness of
0.8 cm by using a laminator (Flamic SF600, Vicenza, Italy) and shaped with a 5.5 cm cy-
lindrical shape diameter. The baking process was realized in an electric oven (Zanolli,
Verona, Italy), and the samples were cooled to room temperature and packed in polypro-
pylene bags until further analysis. The safety of the final baked goods were evaluated
according to SR ISO 21527-2/2008 standard [51], as mentioned by Chis et al. [52] and to
Romanian Regulations (Order no. 27/2011) [53].

Table 11. Cookie’s ingredients and technological parameters.

Biscuits Samples
BC B20% B20% B20% B20% B20%
Wheat flour (WF) 47.28 37.83 37.83 37.83 37.83 37.83
Brewers spent grain

Ingredients (%)

(BSG) - 9.46 9.46 9.46 9.46 9.46

Butter 28.37 28.37 28.37 28.37 28.37 28.37

Eggs 14.18 14.18 14.18 14.18 14.18 14.18

Sugar powdered 9.46 9.46 9.46 9.46 9.46 9.46
Sodium bicarbonate 0.47 0.47 0.47 0.47 0.47 0.47
Salt 0.24 0.24 0.24 0.24 0.24 0.24

Technological parameters
Mixing time (minutes) 8 8 8 8 8 8

Dough t(eoré‘)p erature 51 215 213 22,0 215 21.7
Resting time (minutes) 50 50 50 50 50 50
Temperature (°C) 4-5 4-5 4-5 4-5 4-5 4-5
Baking time (minutes) 12 12 12 12 12 12
Temperature (°C) 200 200 200 200 200 200

BC-cookies sample manufactured with 100% WF (wheat flour); BSG (brewers spent grains); B1—
cookies sample manufactured with 20% BSG1; B2 —cookies sample manufactured with 20% BSG2;
B3 —cookies sample manufactured with 20% BSG3; B4 — cookies sample manufactured with 20%
BSG4; B5— cookies sample manufactured with 20% BSGS5.
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3.4. Proximate Composition Analysis

The proximate composition such as moisture, protein, lipids, ash and crude fiber
were analyzed according to AACC (2000)-approved methods [55], such as AACC 44-
15.02, AACC 46-11.02 (total nitrogen multiplied with 5.7 protein conversion factor),
AACC 30-25.01, AACC 08-01.01 and AACC 32-07.01, respectively. Carbohydrates were
calculated as the difference between 100 and moisture, ash, proteins, lipids and crude fiber
percentages, as showed by Man et al. [49].

3.5. Physical Evaluation of Cookies and Color

Weight, thickness, diameter and spread ratio were measured as described by Man et
al. [49], and color was performed based on the method mentioned by Heredia-Sandoval
et al. [29]. The weight was measured on an analytical balance, and thickness and diameter
were measured using a Vernier calliper (Mitutuyo, Kawasaki, Japan) with an accuracy of
0.01 mm. An NH 300 portable colorimeter (Shenzhen Threenh Technology Co., Ltd, Shen-
zhen, China) on the basis of CIE L* (luminosity), a* (red/green coordinate), b* (yellow/blue
coordinate) color system was used. The colorimeter was previously calibrated through its
auto black and white calibration system, and all measurements were repeated three times
and presented as means + sd.

3.6. Total Phenolic Contents

The methanolic extracts were obtained by triplicate extraction of 2 g of each dried
BSG samples, with 60 mL of acidified methanol (85:15 v/v, MeOH:HCI) for 30 min using
an ultrasonic bath (SONOREX™ SUPER RK 100 H, Bandelin, Germany) and then were
centrifuged at 9000 rpm for 10 min (centrifuge with cooling, model Universal 320R, Het-
tich). After filtration under reduced pressure, the total extracts were evaporated in a rotary
evaporator (Heidolph Instruments GmbHé& Co. KG, Schwabach, Germany) and recov-
ered in 10 mL methanol. Millipore filters (Millipore, Merck KGaA, Darmstadt, Germany)
were used for sample filtering. Total phenolic content was determined through Folin-Ci-
ocalteau method, as described by Chis et al. [56]. Briefly, 100 uL methanolic extract was
mixed with 500 uL Folin Ciocalteu reagent. After this, 6 mL of distilled water and 2 mL of
7.5% Na2COs were added and mixed, and distilled water was used to brought up the ob-
tained solution to 10 mL. A spectrophotometer (Shimadzu Corporation, Kyoto, Japan) at
a wavelength of 750 nm was used for absorbance measurement. The results were made in
triplicate, and expressed as mg of gallic acid equivalent (GAE)/100 g fresh weight (y =
0.88340x — 0.0245; r2=0.9989).

3.7. Antioxidant Activity

The antioxidant activity was measured spectrophotometrically by using DPPH (2,2-
diphenyl-1-picrylhydrazyl) method, as described by Farcas et al. [23]. Shortly, the meth-
anolic extracts (35 uL of sample) were mixed with 250 uL DPPH solution (80 uM) and
measured at 515 nm, by using a microplate BioTek Synergy HT reader (BioTek Instru-
ments, Winooski, VT, USA). The radical scavenging activity was calculated as a difference
between DPPH absorbance and the sample absorbance, dived by DPPH absorbance and
multiplied by 100.

3.8. Minerals’ Determination

Minerals were analyzed as described in our recent study [57]. The samples were
briefly dried at 105 °C for 4 h, then cooled down in an exicator and grinded using a labor-
atory professional mill (IKA A10, Staufen, Germany) to a size particle samples dimension
of 200 pm. For the mineralization step, a Bergdorf MWS-2 digester (Bergdorf, Achalm,
Germany) was used, and 1 g of sample was mixed with 15 mL HNO3 and 6 mL H2O2.
The mineralization step was realized 120 min, at a temperature of 120 °C. Optima 5300DV
(PerkinElmer, Waltham, MA, USA) spectrometer coupled with a CETAC 6000AT+
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(CETAC, Omaha, NE, USA) ultrasonic nebulizer, and an inductive plasma optical emis-
sion spectrometry (ICP-OES) tool was used for further analysis. The sample uptake rate
was 1.5 mL/min, 15 L/min plasma flow, 2.0 L/min and 0.8 L/min for auxiliary and nebu-
lizer low, respectively. Multi-elemental solutions of 1000 mg/L ICP Standard Certipur®
(Merck, Darmstadt, Germany) were used for calibration. All samples were analyzed in
triplicate.

3.9. Volatile Compounds

Aroma volatile compounds determination was performed on ITEX (in-tube extrac-
tion technique), followed by GC-MS (gas chromatography-mass spectrometry) separation
and identification of compounds through a GC-MS QP-2010 equipment (Shimadzu Scien-
tific Instruments, Kyoto, Japan), as described in our publications [34,58]. A capillary col-
umn (ZB-5 ms, 30 m x 0.25 mm i.d. x 0.25 pm, Phenomenex, Torrance, CA, USA) and a
Combi-PAL AOC-5000 autosampler (CTC Analytics, Zwingen, Switzerland) were used. 2
g of each sample were briefly incubated in a sealed headspace vial at a temperature of 60
°C, for 10 min. A porous polymer fiber microtrap (ITEX-2TRAPTXTA, Tenax TA 80/100
mesh, ea) was carried out for the adsorption (15 strokes) of the volatile compounds and
their thermal desorption was performed by a CombiPAL AOC-5000 autosampler. The pa-
rameters of the column were as follows: helium as a carrier gas, time and temperature
ranged as follows: 5 min at 30 °C, rose to 110 °C at 4 °C/min and heated at 250 °C at 20
°C/min and held for 5 min with a mass range scanned between 35-350 m/z. NIST27 and
NIST147 mass spectra libraries and databases such as www.pherobase.com (accessed on 7
October 2021) [59] or www.flavornet.org (accessed on 7 October 2021) [60] were used for the
identification of the volatile compounds. The samples were analyzed in triplicate and the
results were expressed as arbitrary units (a.u.) from the relative peak areas (one a.u. cor-
responding to 10.000 units of peak area).

3.10. Sensory Analysis

The sensory evaluation was done using 75 volunteers, staff and students from the
Faculty of Food Science and Technology between the ages of 18 and 65 years old (age 18-
35: 60%, age 36-65: 40%)/(64% female, 36% male). The panelists were selected based on
their regular cookies’ consumption, availability and their interest. Six samples of freshly
made (within 4 h) cookies were evaluated in each session under normal daylight condi-
tions. All samples were anonymously coded, and two replications of each sample were
presented to panelists. They were asked to evaluate cookies’ visual appearance, hardness,
crispiness, chewiness, taste and aroma and overall appreciation using a 9-point hedonic
scale ranging from 9 (like extremely) to 1 (dislike extremely), as described by Chis et al.
[42] and Man et al. [46]. Water was provided to rinse the mouth between evaluations.

3.11. Statistical Analysis

Duncan multiple comparation test (p < 0.05) with SPSS version 19 software (IBM
Corp., Armonk, NY, USA) was used for statistical analysis. All samples were analyzed in
three replicates (n = 3) and expressed as means * sd. Different superscript small letters in
arow indicates significant differences between samples (p < 0.05). Pearson correlation was
used to better emphasize the correlation between raw materials and final baked goods,
performed on Minitab 19.1 (Minitab Inc., State College, PA, USA), with a 95% confidence
level.

4. Conclusions

Five different types of BSG by-products with an addition of 20% were used in cookies
manufacturing, replacing wheat flour. The substitution of wheat flour with these uncon-
ventional ingredients enhanced the nutritional values of the final baked goods (increased
protein, fiber, lipids, minerals, total phenols, antioxidant activity) and improved their
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sensorial attributes. BSG aroma volatile compounds positively influenced the final cook-
ies” aromatic profile, leading to pleasant odor perceptions. With respect to the texture pa-
rameters, hardness, crispiness and chewiness reached significant positive hedonic value
(p <0.05) scores compared to the control sample, emphasizing that BSG-enriched samples
were also appreciated by consumers from the textural point of view. Furthermore, the
products manufactured with BSG from light and dark malt mixture was the most appre-
ciated sample by panelists, mainly because of its intense color, texture parameters and
special aromatic profile.

Although the recovery of residues and agri-food by-products is already considered
a research topic of great interest, studies similar to the proposed article are extremely im-
portant, as they have a major contribution in creating a scientific database to support the
sustainability of reintegration processes and to promote the concept of circular bioecon-
omy.

Author Contributions: Conceptualization, A.C.F. and S.A.S.; methodology, A.C.F. and M.S5.C.; val-
idation, D.M., A.P. and M.I; formal analysis, A.C.F.,, M.F., O.L.P.,, D.M. and S.A.S.; investigation,
M.S.C,, O.L.P.and M.L; resources, A.C.F.; data curation, A.P. and M.I; writing —original draft prep-
aration, A.C.F. and M.S.C.; writing—review and editing, A.F. and S.A.S.; supervision, A.C.F.; project
administration, A.C.F.; and funding acquisition, A.C.F. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was supported by a grant of the Romanian Ministry of Education and Re-
search, CCCDI-UEFISCD], project number PN-III-P2-2.1-PED-2019-3622, within PNCDI III.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Islam, SM.F.; Karim, Z. World’s Demand for Food and Water: The Consequences of Climate Change. In Desalination-Challenges
and Opportunities; IntechOpen: London, UK, 2020, https://doi.org/10.5772/intechopen.85919.

2. Amoriello, T.; Ciccoritti, R. Sustainability: Recovery and Reuse of Brewing-Derived by products. Sustainability 2021, 13, 2355.

3. Li, S; Kallas, Z.; Rahmani, D. Did the COVID-19 lockdown affect consumers’ sustainable behaviour in food purchasing and
consumption in China? Food Control. 2021, 132, 108352, https://doi.org/10.1016/j.foodcont.2021.108352.

4.  Farcas, A.; Galanakis, C.; Socaciu, C.; Pop, O.; Tibulca, D.; Paucean, A.; Jimborean, M.; Fogarasi, M.; Salanta, L.; Tofana, M.; et
al. Food Security during the Pandemic and the Importance of the Bioeconomy in the New Era. Sustainability 2021, 13, 150,
https://doi.org/10.3390/su13010150.

5. Chis, M.S,; Pop, A; Paucean, A.; Socaci, S.A.; Alexa, E.; Man, S.M.; Bota, M.; Muste, S. Fatty Acids, Volatile and Sensory Profile
of Multigrain Biscuits Enriched with Spent Malt Rootles. Molecules 2020, 25, 442, https://doi.org/10.3390/molecules25030442.

6.  Amoriello, T.; Mellara, F.; Galli, V.; Amoriello, M.; Ciccoritti, R. Technological Properties and Consumer Acceptability of Bakery
Products Enriched with Brewers’ Spent Grains. Foods 2020, 9, 1492, https://doi.org/10.3390/foods9101492.

7.  Farcas, A.C,; Socaci, S.A.; Mudura, E.; Dulf, F.V.; Vodnar, D.C.; Tofana, M.; Salanta, L.C. Exploitation of Brewing Industry
Wastes to Produce Functional Ingredients. In Brewing Technology; Kanauchi, M., Ed.; IntechOpen: London, UK 2017.

8. Naibaho, J.; Korzeniowska, M. Brewers’ spent grain in food systems: Processing and final products quality as a function of fiber
modification treatment. J. Food Sci. 2021, 86, 1532-1551, https://doi.org/10.1111/1750-3841.15714.

9.  Bonifacio-Lopes, T.; Teixeira, J.A.; Pintado, M. Current extraction techniques towards bioactive compounds from brewer’s spent
grain— A review. Crit. Rev. Food Sci. Nutr. 2019, 60, 2730-2741, https://doi.org/10.1080/10408398.2019.1655632.

10. Olawoye, B.; Adeniyi, D.M.; Oyekunle, A.O.; Kadiri, O.; Fawale, 5.0. Economic Evaluation of Cookie made from blend of Brew-
ers' Spent Grain (BSG), Groundnut cake and Sorghum Flour. Open Agric. 2017, 2, 401-410, https://doi.org/10.1515/opag-2017-
0043.

11. Moreira, M.M.; Morais, S.; Carvalho, D.O.; Barros, A.A.; Delerue-Matos, C.; Guido, L.F. Brewer's spent grain from different
types of malt: Evaluation of the antioxidant activity and identification of the major phenolic compounds. Food Res. Int. 2013, 54,
382-388, https://doi.org/10.1016/j.foodres.2013.07.023.

12.  Nocente, F.; Taddei, F.; Galassi, E.; Gazza, L. Upcycling of brewers’ spent grain by production of dry pasta with higher nutri-
tional potential. LWT 2019, 114, https://doi.org/10.1016/j.1wt.2019.108421.

13.  Moreira, M.M.; Carvalho, D.O.; Oliveira, R.; Johansson, B.; Guido, L.F. Brewer’s Spent Grains Protects against Oxidative DNA

Damage in Saccharomyeces cerevisiae. J. Agric. Sci. 2017, 9, 12, https://doi.org/10.5539/jas.vIn7p12.



Plants 2021, 10, 2504 20 of 21

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Hellebois, T.; Gaiani, C.; Planchon, S.; Renaut, J.; Soukoulis, C. Impact of heat treatment on the acid induced gelation of brewers’
spent grain protein isolate. Food Hydrocoll. 2020, 113, 106531, https://doi.org/10.1016/j.foodhyd.2020.106531.

Petrovic, J.; Pajin, B.; Tanackov-Kocic, S.; Pejin, J.; Fistes, A.; Bojanic, N.; Loncarevic, I. Quality properties of cookies supple-
mented with fresh brewer's spent grain. Food Feed. Res. 2017, 44, 57-63, https://doi.org/10.5937/ffr1701057p.

Ajanaku, K.; Dawodu, F.; Nwinyi, O. Functional and Nutritional Properties of Spent Grain Enhanced Cookies. Am. |. Food Tech-
nol. 2011, 6, 763-771, https://doi.org/10.3923/ajft.2011.763.771.

Mussatto, S.; Dragone, G.; Roberto, I. Brewers' spent grain: Generation, characteristics and potential applications. J. Cereal Sci.
2006, 43, 1-14, https://doi.org/10.1016/j.jcs.2005.06.001.

Shih, Y.; Wang, W.; Hasenbeck, A.; Stone, D.; Zhao, Y. Investigation of physicochemical, nutritional, and sensory qualities of
muffins incorporated with dried brewer's spent grain flours as a source of dietary fiber and protein. J. Food Sci. 2020, 85, 3943
3953, https://doi.org/10.1111/1750-3841.15483.

Aliyu, S.; Bala, M. Brewer’s spent grain: A review of its potentials and applications. African J. Biotechnol. 2011, 10, 324-331,
doi:10.4314/ajb.v10i3.

Neylon, E.; Arendt, E.; Zannini, E.; Sahin, A. Fermentation as a Tool to Revitalise Brewers’ Spent Grain and Elevate Techno-
Functional Properties and Nutritional Value in High Fibre Bread. Foods 2021, 10, 1639, https://doi.org/10.3390/foods10071639.
Socaci, S.; Farcas, A.C.; Diaconeasa, Z.; Vodnar, D.C.; Rusu, B.; Tofana, M. Influence of the extraction solvent on phenolic content,
antioxidant, antimicrobial and antimutagenic activities of brewers’ spent grain. |. Cereal Sci. 2018, 80, 180-187,
https://doi.org/10.1016/}.jcs.2018.03.006.

Ktenioudaki, A.; Chaurin, V.; Reis, S.F.; Gallagher, E. Brewer’s spent grain as a functional ingredient for breadsticks. Int. J. Food
Sci. Technol. 2012, 47, 1765-1771, https://doi.org/10.1111/.1365-2621.2012.03032.x.

Farcas, A.C.; Socaci, S.; Dulf, F.; Tofana, M.; Mudura, E.; Diaconeasa, Z. Volatile profile, fatty acids composition and total phe-
nolics content of brewers' spent grain by-product with potential use in the development of new functional foods. J. Cereal Sci.
2015, 64, 34-42, https://doi.org/10.1016/j.jcs.2015.04.003.

Yang, S.; Fan, W.; Xu, Y. Melanoidins from Chinese Distilled Spent Grain: Content, Preliminary Structure, Antioxidant, and
ACE-Inhibitory Activities In Vitro. Foods 2019, 8, 516, https://doi.org/10.3390/foods8100516.

Piggott, C.O.; Connolly, A.; Fitzgerald, R.J. Application of ultrafiltration in the study of phenolic isolates and melanoidins from
pale and black brewers’” spent grain. Int. |. Food Sci. Technol. 2014, 49, 2252-2259, https://doi.org/10.1111/ijfs.12540.

Leggett, G.J. Color Measurement Techniques for Food Products; ACS Symposium Series; ACS: Washington, DC, USA, 2008;
pp-7-16, https://doi.org/10.1021/bk-2008-0983.ch002.

Birsan, R.I; Wilde, P.; Waldron, K.W.; Rai, D.K. Recovery of Polyphenols from Brewer’s Spent Grains. Antioxidants 2019, 8, 380,
https://doi.org/10.3390/antiox8090380.

Oztiirk, S.; Ozboy, oF Cavidoglu, I; Koksel, D. Effects of brewer’s spent grain on the quality and dietary fiber content of cookies.
J. Inst. Brew 2002, 108, 23-27.

Heredia-Sandoval, N.G.; Granados-Nevarez, M.D.C.; De La Barca, AM.C,; Lara, F.V; Malunga, L.N.; Apea-Bah, F.B.; Beta, T;
Islas-Rubio, A.R. Phenolic Acids, Antioxidant Capacity, and Estimated Glycemic Index of Cookies Added with Brewer’s Spent
Grain. Plant Foods Hum. Nutr. 2020, 75, 41-47, https://doi.org/10.1007/s11130-019-00783-1.

Waters, D.M.; Jacob, F.; Titze, J.; Arendt, E.K.; Zannini, E. Fibre, protein and mineral fortification of wheat bread through milled
and fermented brewer’s spent grain enrichment. Eur. Food Res. Technol. 2012, 235, 767-778, https://doi.org/10.1007/s00217-012-
1805-9.

Mussatto, S.I. Brewer’s spent grain: A valuable feedstock for industrial applications. J. Sci. Food Agric. 2014, 94, 1264-1275,
https://doi.org/10.1002/jsfa.6486.

Ktenioudaki, A.; Crofton, E.; Scannell, A.G.; Hannon, ]J.A ; Kilcawley, K.; Gallagher, E. Sensory properties and aromatic compo-
sition of baked snacks containing brewer's spent grain. J. Cereal Sci. 2013, 57, 384-390, https://doi.org/10.1016/;.jcs.2013.01.009.
Dong, L.; Piao, Y.; Zhang, X.; Zhao, C.; Hou, Y.; Shi, Z. Analysis of volatile compounds from a malting process using headspace
solid-phase micro-extraction and GC-MS. Food Res. Int. 2013, 51, 783789, https://doi.org/10.1016/j.foodres.2013.01.052.

Farcas, A.C.; Socaci, S.A.; Tofana, M.; Muresan, C.; Mudura, E.; Salantd, L.; Scrob, S. Nutritional properties and volatile profile
of brewer’s spent grain supplemented bread. Rom. Biotechnol. Lett. 2014, 19, 9705-9714.

Odeseye, A.A.; Awonorin, S.O.; Abdussalaam, R.O.; Sanni, L.O.; Olayanju, T.M.A. The effect of processing variables on the
biscuit-making potential of cocoyam-brewer’s spent grain flour blends. Croat. ]. Food Sci. Technol. 2020, 12, 5666,
https://doi.org/10.17508/cjfst.2020.12.1.08.

Haruna, M.; Udobi, C.; Ndife, J. Effect of added brewers dry grain on the physico-chemical, microbial and sensory quality of
wheat bread. Am. J. Food Nutr. 2011, 1, 3943, https://doi.org/10.5251/ajfn.2011.1.1.39.43.

Guo, M,; Du, J; Zhang, Z.; Zhang, K.; Jin, Y. Optimization of Brewer's Spent Grain-Enriched Biscuits Processing Formula. J.
Food Process. Eng. 2014, 37, 122-130, https://doi.org/10.1111/jfpe.12067.

Puligundla, P.; Mok, C.; Park, S. Advances in the valorization of spent brewer’s yeast. Innov. Food Sci. Emerg. Technol. 2020, 62,
102350, https://doi.org/10.1016/j.ifset.2020.102350.

Chetrariu, A.; Dabija, A. Brewer’s Spent Grains: Possibilities of Valorization, a Review. Appl. Sci. 2020, 10, 5619,
https://doi.org/10.3390/app10165619.

Goh, L.L.; Lee, K.C. Biovalorisation of Brewer’s Spent Grain (BSG) and Sensory Evaluation of BSG Bread; Cambridge University Press:
Cambridge, UK, 2021, Volume 1, pp. 1-19.



Plants 2021, 10, 2504 21 of 21

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Gomez, M.; Gutkoski, L.C.; Bravo-Nufiez, A. Understanding whole-wheat flour and its effect in breads: A review. Compr. Rev.
Food Sci. Food Saf. 2020, 19, 3241-3265, https://doi.org/10.1111/1541-4337.12625.

Chis, M.S.; Paucean, A.; Man, S.M.; Muresan, V.; Socaci, S.A.; Pop, A ; Stan, L.; Rusu, B.; Muste, S. Textural and Sensory Features
Changes of Gluten Free Muffins Based on Rice Sourdough Fermented with Lactobacillus spicheri DSM 15429. Foods 2020, 9, 363,
https://doi.org/10.3390/foods9030363.

Pico, J.; Bernal, J.; Gomez, M. Wheat bread aroma compounds in crumb and crust: A review. Food Res. Int. 2015, 75, 200-215,
https://doi.org/10.1016/j.foodres.2015.05.051.

Pico, J.; Bernal, J.L.; Gomez, M. Influence of different flours and starches on gluten-free bread aroma. J. Food Sci. Technol. 2017,
54, 14331441, https://doi.org/10.1007/s13197-017-2562-3.

Lynch, K.M,; Steffen, E.].; Arendt, E.K. Brewers’ spent grain: A review with an emphasis on food and health. ]. Inst. Brew. 2016,
122, 553-568, d0i:10.1002/jib.363.

Man, S.; Stan, L.; Paucean, A.; Chis, M.; Muresan, V.; Socaci, S.; Pop, A.; Muste, S. Nutritional, Sensory, Texture Properties and
Volatile Compounds Profile of Biscuits with Roasted Flaxseed Flour Partially Substituting for Wheat Flour. Appl. Sci. 2021, 11,
4791, https://doi.org/10.3390/app11114791.

Combest, S.; Warren, C. Perceptions of college students in consuming whole grain foods made with Brewers’ Spent Grain. Food
Sci. Nutr. 2019, 7, 225-237, https://doi.org/10.1002/fsn3.872.

Crofton, E.C.; Scannell, A.G. Snack foods from brewing waste: Consumer-led approach to developing sustainable snack options.
Br. Food |. 2020, 122, 3899-3916, https://doi.org/10.1108/bfj-08-2018-0527.

Asociatia de Standardizare din Romania. Wheat Flour. Romanian Standard 877:1996, 10 September 2011.

Man, S.M.; Paucean, A.; Calian, I.D.; Muresan, V.; Chis, M.S.; Pop, A.; Muresan, A.E.; Bota, M.; Muste, S. Influence of Fenugreek
Flour (Trigonella foenum-graecum L.) Addition on the Technofunctional Properties of Dark Wheat Flour. J. Food Qual. 2019,
2019, 1-8, https://doi.org/10.1155/2019/8635806.

International Organization for Standardization. International Standard ISO 21527-2, 1st ed.; International Organization for Stand-
ardization: Geneva, Switzerland, 2008.

Chis, M.S.; Paucean, A.; Man, S.M.; Bonta, V.; Pop, A ; Stan, L.; Beldean, B.V.; Pop, C.R.; Muresan, V.; Muste, S. Effect of Rice
Flour Fermentation with Lactobacillus spicheri DSM 15429 on the Nutritional Features of Gluten-Free Muffins. Foods 2020, 9,
822, https://doi.org/10.3390/foods9060822.

National Sanitary Veterinary and Food Safety Authority, ORDER No. 27 of June 6, on the approval of microbiological and
hygiene criteria applicable to foodstuffs other than those referred to in Regulation (EC) No. Commission Regulation (EC) No
2,073/2005 of 15 November 2005 on microbiological criteria for foodstuffs, Official Gazette no. 435, Bucharest, Romania, 2011.
Uchegbu, N.N. Consumer Acceptability of Crackers Produced from Blend of Sprouted Pigeon Pea, Unripe Plantain and Brewers
Spent Grain and Its Hypoglycemic Effect in Diabetic Rats. World Acad. Sci. Eng. Technol. Int. ]. Nutr. Food Sci. 2016, 3, 358-362.
AACC. Method 38-12. 44-15.02, 46-11.02, 30-25.01, 08-01.01, 32-07.01. In Approved Methods of the American Association of Cereal
Chemists, 11th ed.; American Association of Cereal Chemists: St. Paul, MN, USA, 2000.

Chis, M.S.; Paucean, A.; Stan, L.; Muresan, V.; Vlaic, R.A.; Man, S.; Muste, S. Lactobacillus plantarum ATCC 8014 in quinoa
sourdough adaptability and antioxidant potential. Rom. Biotechnol Lett. 2018, 23, 13581-13591.

Igual, M,; Simona, M.; Adriana, P.; Vodnar, D.C.; Mih, T.; Torok, A.L; Anca, F.; Monzd, ].M. Effect on Nutritional and Functional
Characteristics by Encapsulating Rose canina Powder in Enriched Corn Extrudates. Foods 2021, 10, 2401.

Socaci, S.A.; Socaciu, C.; Muresan, C.; Farcasg, A.; Tofana, M.; Vicas, S.; Pintea, A. Chemometric Discrimination of Different
Tomato Cultivars Based on Their Volatile Fingerprint in Relation to Lycopene and Total Phenolics Content. Phytochem. Anal.
2014, 25, 161-169, https://doi.org/10.1002/pca.2483.

The Pherobase Database of Pheromones and Semiochemicals. Available online: https://www.pherobase.com/ (accessed on 7
October 2021).

Flavornet and Human Odor Space. Available online: http://www.flavornet.org/ (accessed on 7 October 2021).

’


https://doi.org/10.1002/pca.2483

