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ABSTRACT

The effectiveness of replacing different concentrations of soy protein isolate (SPI)
on improving the overall qualily of caokies was evaluated. The cookies were prepared
by replacing wheatflour with 5, 10, 15 and.20% SP!. The chemical composition and
sensory characteristics ,of these products were studied during storage” for three
months. The volatiles of each cookie sample were isolated and subjected to gas
chromatography — mass spectrometry (GC — MS) analysis. Results showed that
addition of SPi caused an increase in moisture and protein content and a decrease in
fat and carbohydrates, while the energy level was in the required range. ’

Sensory evaluation showed insignificant differences {P > 0.05) in colour among all
cookies whereas the other sensory qualities showed significant (P < 0.05) increase up
to 10% SPI fortification. The GC — MS -analysis revealed qualitative and quantitative
vanations among the cookie samples. The Maillard reaction products increased as
the level of SPI increased. The lipid derived products showed a remarkable increase
after storage for 3 months in all cookies, however, their increased ratios decreased
with increasing. SP! level. Fortification with 10% SP! produces the most preferred
cookies that corfipfised the highest yield of thie volatiles responsible for the ‘pleasant
cookies aroma.

Keywords: Cookies, volatiles, sensory evaluation, and soy protein isolate.

"INTRODUCTION

Cookies are Wéely accepted and consumed in many developing
countries. Biscuits and cookies represent the largest category of snack items
among baked foods overall the world Akubor and Onimawo (2003); Hooda
and Jood (2005). The main ingredient of cookies dough is soft wheatflour
Tsen (1976). Soft wheatflour is low in protein (7 — 14%) and deficient in some
amino acids Claughton and Pearce (1989). Over the years, a number of
studies have been reported on high-protein cookies using soy flour Tsen et
al. (1973), gluten -~ soy protein blends Singh and Mohamed (2007),
sunflower kernels Bajaj et al. (1991), pulse flours Singh et al. (1993),
chickpea, broad bean or isolated soy protein. Kaur et al. (1999) Found that
cookies made with 30% pigeon peaflour were acceptable. Bajaj et a/ (1991)
substituted 30% flour with wheat germ without affecting the acceptability.
Giami et al. (2005) found that up to 15% substitution of wheatflour with fluted
pumpkin flour produced acceptable cookies with spread ratio, hardness,
colour and flavour similar-to the control (100% wheatflour) cookies. There
were no significant (P > 0.05) differences between the values obtained for
protein efficiency ratio, net protein ratio and true digestibility of cookie diets
containing 15-20% fluted pumpkin flour, and casein when fed to rats.
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James et al, {1999) found that cookies contalmng soy protein isolate (SPI)-
were acceptable in' color, crispiness and flavor. Lee and Brennand (2005)
reported that up to 15% of wheatflour could be replaced by soy protein
isolate without diminishing acceptability of fried cookies. Soy protein provides
several functionalities such as water-hoiding, binding and emulsifying
properties Arrese et al. (1991); Liu (1997). Soy protein substitution, therefore,
affects the food quality Taha et al. (2006). Besides it is associated with
significant decreases in serum cholesterol and LDL cholesterol
concentrations Anderson et al. (1995). in 1899, the FDA. authorized the use
of health claims about the role of soy protein in reducing the risk of Coronary
heart disease (CHD) on labeling of foods containing soy proteln FDA talk
paper (1999).

During baking process of cereal products such as bread, cakes and
cookies, many structural (textural), physico —. chemical and -organoleptic
changes occur Sabalni &t &/."(1998). All these cooking — induced changes
are important for digestibility and sensorial acceptance by the consumers.
The Maillard reaction (MR), caramelization (CR) and lipid peroxidation (LP)
explain most of these changes, although the complex mixture of compounds
formed are poorly characterized. In particular, the proportion of chemical
compounds formed ‘in the- dough which is released in the vapours and
contributing to the specific aroma of the cereal product have not been
examined Brauss et al. (1999).

No studies have been reported so far conceming the effect of soy protein
isolate (SP1) addition on the cookie volatiles. Therefore, the objective of the
present study was-to evaluate-the addition effect of SPI at different levels to
wheat flour cookies on their overall qualities. Besides, the effect of such
addition on the volatiles of the final cookies during storage.

MATERIAL AND METHODS

I-Cookies ingredients

Soy protein isolate (SP1), a product: of: Qingdao, ‘Crown Lrap;Exp.
LTD - KIEL/Cyprus, contained: 5.5% moisture, 90.5% protein, 0.5% fat, 4%
ash and 0.5% fiber was used. The amino acid composition is shown in Table
1.

Table 1.Amino acid compositions of soy protein isolate (SP1)

Amino acid| g AA/ 100g g AA/ Amino acid g AA/ g AA/
composition product |100g protein | composition [100g product | 100g protein
Analnine 3.70 4.20 lLeucine 6.90 7.80
Arginine 7.10 . 8.00 Lysine 5.70 6.50
partic acid 10.70 12.10 ethionine 1.20. 1.40
lutamic acid 18.00 20.40 henylalanine 4.80 5.40
tine 1.20 1.40 oline 4.70 5.30
lycine 3.70 4.20 erine 5.00 5.70
Histidine 2.40 2.70 reonine 3.20 3.60
soleucine |  3.80 4.30. [Tryptophan - 0.90 1.00
‘Naline 4.00 4.50 Tyrosine 3.60 4.10
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-The other ingredients i.e. sugar (granulated sucrose), wheat flour
(72% -extraction), butter; egg (whole, fresh), baking powder (Cook's — Tag
EL-Melok, Co) were purchased from local market, Cairo, Egypt.
Il - Authentic compounds and Standard n-paraffin (C8 - C22) were
purchased from Sigma-Aldrich Co. (St.Louis, MN, USA) and Merck
(Darmstadt, Germany). All other chemicals were of analytical grade.
Ili- Cookles formulation and preparation:

The cookies were prepared according to the method described by Akubor
and Onimawo (2003), as follows; the basic formulation contained wheatflour
44 5%, butter 25%, sucrose 20%, beaten whole egg 10% and baking powder
0.5%. SPI was added to wheat flour dough at levels 5, 10, 15 and 20% by
mixing with wheatflour and baking powder The finished dough was shaped
into cookie form (5 x 30mm) and baked in an electric oven (Electra, model
EK-450-OT, China) at 150°C + 5C for 17min + 3 min. The cookie pieces
were cooled to room 4emperatie, pasked in plastic bags and stored at room
temperature for three months untit amalysis.

IV- Chemical composition of cookies:

Moisture, crude protein, crude fat, total ash and crude fiber contents of
fresh and stored cookie samples were determined according to AOAC
(1984). Carbohydrate content was calculated by difference. Energy values
(kcal) were caiculated applying the factors 4, 9 and 4 for each gram of
protein, fat and carbohydrate, respectively Greenfield and Southgate (1992).
V- Sensory evaluation:

The different sensory qualities ( colour, aroma, taste, crispiness and
appearance ) of the fresh and.stored cookies were estimated and scored by
20 panelists ( Food Technology & Nutrition Division, National Research
Centre, Cairo. Egypt).

The grading system was based on total score of 100 of which 35 was
awarded for aroma, 35 for taste, 10 for colour, 10 for mouth feel and 10 for
appearance.

VI- Statistical analysis

Data were analyzed .using the analysis of variance (ANOVA) by the
Statgraphics package (Statistical Graphics Corporation, 1993, Manugistics
Inc., USA). The multiple range test L.S.D (Duncan muitiple range test), with
signiﬁcant level at p < 0.05, was applied to the results to test the significant
difference,

VIli- Isolation of cookie volatiles:

Simultaneous distillation extraction (SDE) method was used for isolation of
the volatiles of cookie samples Prost et al. (1993) by using Likens and
Nickerson apparatus. The ground cookie (100g) of each sample was mixed
with 400 ml of distilled water and subjected to (SDE) extraction using diethyl
ether — pentane (1:1, v/v). The solvents containing volatiles were dried over
anhydrous sodium sulphate for 12h and concentrated using rotary evaporator
at 40°Cunder reduced pressure, then to final volume (100 pl) under a ﬂux of
nitrogen before GC and GC ~ MS analysis. -

VIili- Gas chromatographic (GC) analysis:

GC analysis was performed by using a Perkin Elmer Auto System XL

equipped with flame ionization detector (FID). A fused silica capillary column
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DB5 (60m x 0.32mm i.d.) was usad. The oven temperature was maintained
initially at 45°C and programmed to 60°C at a rate of 1°C/min, then
programmed from 60 to 240°C at a rate of 3°C/min. Helium was used as the
carrier gas, at flow rate 1.1 mi/min. The injector and detector temperatures
were 220 and 250°C, respectively. The retention indices (Kovats index) of
the separated volatiles components were calculated with hydrocarbons (C8 —
C22, Aldrich Chemical Co.) as references.
X- Gas chromatographic — mass spectrometric (GC — MS) analysis:

The analysis was carried out by using a coupled gas chromatography
Hewillet-Packard (5890)/mass spectrometry Hewllet-Packard-MS (5970).
The ionization voltage was 70eV, mass range m/ z 39-400 amu. The GC
conditions carried out as mentioned earlier. The .isolated . peaks -were
identified by matching with data from the library of mass, spectra (NIST) and
comparison with those of authentic compounds.aad published.data.Adams
(1995) the quantitative determination was carried out based on peak area
integration.

RESULTS AND DISCUSSION

Chemical composition of fresh and stored cookies: . -

The chemical composition of the fresh and stored cookies
supplemented with SPI is shown in Table (2). Conceming the fresh cookies
the moisture content showed gradual increase by increasing the SPI level
reaching its highest value (6.30 + 0.08 %) in sampfe contained 20% SPI. This
increase could be attributed to the high:water binding praperties of SPI Liu
(1997). Addition of SPI at 5 — 20% caused an increase in protein content of
the final product, whereas, reductions in fat, carbohydrate and ash contents
were noted in the baked cookies as a result of SP1 addition. These results
are in a quite agreement with those of Lee and Brennand (2005) who
evaluated the physicochemical characteristics of Korean. cookies
supplemented with SP!. R

Table 2: Chemical composition of fresh and stored “cookles fortified
with Soy protein isolate (SPI).

Samples Cookle samples

Control SPI 5% SPl 10% SPl 15% SPI 20%

Properties Fresh [Stored | Fresh [Stored | Fresh [Stored [ Fresh [Stored | Fresh [Stored

§.24* | 277 6.55 3.21 5.69 3.88 5.87 3.97 6.30 4.10“
Moisture % +0.03 |£0.35[+0.11 [+0.19 | +0.03 [+0.08 | $0.068 |+0.08 | £0.08 |£0.05

l’ - 12.35 [ 10.19 | 14.89 | 12.52 | 19.25 | 18.71 | 19.87 | 19.12 | 20.43 | 20.10
Protein % +0.28 |$0.52 [+0.35 (+0.56 [ +054 (+059 | £+0:85 |+0.42 | £0.84 |10.18

- 2216 121.08 | 20,78 | 20.52 | 20.66 | 20.21 20.57 20.11 20.42 19.42
Fat % £0.11 |£0.19 |+0.30 | +041 | £0.14 [+0.18 | +0.16 | +£0.29 | +0.29 |+0.21

arbohydrate (g3 29 (66.58 [ 62.43 | 64.97 | 58.00 | 59.13 | 58.88 | 58.88 | 57.32 | 58.66
% $0.43[£0.21 |+0.11 |£0.20 | 023 |+0.08 | 011 [+023 | +0.20 [+024
- 156 | 1.52 | 1.41 [ 138 [ 138 | 137 1.35 1.34 132 | 131 |
Lt\sh % +0.20 [£0.03 [+0.04 [+0.01 [+0.01 |+002 | £0.02 |+0.02 | £+0.01 |+0.02
N 065 063 | 061 | 060 | 058 | 058 | 055 | 0.55 | 051 | 051
Fiber % +£0.02 [£+0.01 |+0.01 [£002 [+0.02 |+001 | £0.03 | £0.01 | +0.02 |+0.03
ofal energy i
kcal/i100g 501.96 |493.80 |495.22 (494,64 | 496.01 |493.24 | 495.24 |493.00 | 494.78 |489.62
roduct +0.27|£7.16 |+ 8.38 [£5.90 | +3.97 [£320 | £460 |+460 | +0.21 |+261

* Values are the mean of three determinations & SD.
** On dry base
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The protein content of all samples in the present study was higher
than the protein level (6 — 12 %) reported for conventional cookies Shrestha
and Noomhorm (2002). Taha et al. (2006) reported that moisture content of
cookies was significantly increased by increasing protein content resulted
from replacing wheatflour with chickpea; broad bean and ISP. They attributed
this increase to the presence of polar amino acids and-the positive influence
of increasing levels of protein on water holding capacity. The results also
revealed that consumption of about 100g of each sample would provide more
than half of the recommended daily requirement for protein (25 — 30g day -1)
and about one fifth of the requirement for energy (1790 — 2500 kcal day -1)
as recommended by FAO/WHO (1973) for children aged- between 5 and 19
years.

Storage for three months revealed a significant (P<0.05) decrease in
moisture of all cookie samples. The protein, fat content and energy value
were decreased, whereas carbohydrate content was mcreased with different
ratios.

Sensory evaluation of cookies:

The mean sensory scores of fresh and stored cooknesware shown in Table
(3).in general, the total quality score of the freshly prepared cookies
increased with addition of different SPI levels. No significant (P>0.05)
differences was found in colour astong all cookie samples under
investigation. However, supplementation of cookies with SPI up to 10%
increased all other sensory attributes Table (3).

Storage for three months showed gonsiderable reduction in overall
acceptability and other evaluated atitbutes in all investigated cookie
samples. However, cookie sampie supplemented with 10% ISP was most
preferred with respect to colour, aroma, taste and crispiness. The differences
in aroma and taste among the cookie samples could be correlated to the
generated volatiles during baking process as will be discussed below.
Volatile compounds in cookies:

About 80 volatile components could be separated and identified in the
cookie samples by using GC/MS analysis, however only the most potent
components for cookies aroma with their relative area percentages were
listed in Table (4). These compounds were related to different chemical
classes such as strecker aldehydes(4), diketones(2), carbonyls(14),
pyrazines(4), furans(6), pyrroles(2), lactones(2), pyranohe(2), acids(2),
alcohols(2) and esters(2). Most of them were previously identified in baked
cereal products Fadel and Hegazy (1993); Grosch and Shieberle (1997);
Pozo-Bayyone et al. (2006) and Taha et al. (2006).

It is appropriate to consider the volatiles in relation to their mode of
formation either from Maillard reaction (MR) or lipid.degradation Ledl and
Schieicher (1990) and Mottram (1994). Some of the most common volatile
products of the Maillard reaction are Stercker aldehydes, formed by the
decarboxyiation and deamination of amino acids. Typigal sugar dehyderation
products are furfural and furanones, whereas pyrmole .and pyrazines,
heterocyclic nitrogen compounds formed from the reaction of these sugar
degradation products with ammonia or amino acids.
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Table 3: Sensory evaluation of fresh and stored cookies fortified with Soy protein isolate (SPI). -

Properties Color Aroma Tast Crispiness Appéarance Total quality score
Q. ? :
s \ Fresh | Stored: Fresh Stored | Fresh | Storad 'Fresh Stored | Fresh | Stored | Fresh Stored
amples : i - . -
ontrol 9.08° 9.36° 2683° | 24.22° | 27.42° | 2477° | 7.50° .| 7.00% 7.32° 692° | 78.15 68.91
ontro >
041 | £0.49 +0.52 +0.20 +0.75 +0.20 +0.55 +0.32 +0.52 +£0.20 +0.76 +£0.49
Pl 5% 9087 | 9.36° 28.89 26.257 [ 28587 | 27427 | 8.32° 767" 832" [ 758" 83.19 78.28
+£0.75 | £0.49 1 0.42 +045 | £0.41 +0.26 10.52 10.41 $0.41 +0.38 +0.58 +0.45
Pl 10% 9.17° 959* 3298° 29.75° | 32.39° | 30.33° | 9.00° 8.67° 9.26°¢ -8.83 ¢ 92.80 87.17
+£0.61 | £0.49 +0.49 +0.45 1 0.42 041 +0.55 +0.41 +0.42 +0.26 +0.58 049
Pl 15% 9.13 9.26° 29.48 27.147 [ 2017* | 28.00° 8.32° 8.07"°. 8.32 " 8.00° 84.42 80.47
’ ‘1 2082 | £0.51 +0.38 +0.27 £041.].£0.32 1041 +0.38 026 | = 0.32 1 0.49 +0.41
Pl 20% 8.89* 9.12" 27.72 24.89" | 2858 | 26.09” | 824" 764° 764" 7.74° 81.85 75.48
y £0.75 | £0.49 +0.67 t 0.46 +0.75 +0.27 +0.81 +0.32 +0.79 +0.27 +0.76 | £039

- Values are score average of 10 panelist's £ SD.

- Values in the same column followed by different superscﬂpt letters are slgnlﬂcantly different (P < 0. 5). .
- Control no soy proteln isolate (SPI) added; and 5, 10, 15 and 20% are the soy proteln isolate substitution levels.
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Table 4: Volatlle ComEounds of Fresh and Stored Cookies Fortlfled with Different Levels of Soy Protein Isclate (SPi).
omponen our

o. | control - dlﬁ.
| Fresh | Tes T8 idenifi;
: month 13 month month month 3 month | cation
] na %175; L8 —Ua:‘r L2 T.33 % X R __"013719 13 [ KL NS |
~Bu . 52 - 10.75 | 26.77 | # :g?%’_‘ . -
na X . % X 7, 535 | 4. 90 | 4.9 [ &7 N
X X . 37| 15, 126 | 324 | 298 | B.BB | 6.12 A
entanal 52 | 0. —0.28 43 152 | U. 30| 10.30_| 0.57 5.57 NS
e R I A L T a
entandione X 0.34 [ 0. A 2 Xk X —— | ——
7Z | 0. 045 | 1. :g% Z04 [ 9.3 |15.58 | 147 "m%
| ) —— » X . — 2,18 . 1489 | 15.23 A
O =T OT2 107 05 25 T a8 T I 2 RIS
] n 28 [ 0.98 | 022 | UA0 | 0.5% 33 | 0. —— | 0B8 | 0. Rl
y 55 | 0. 374 1 0.95 | 052 i T & 077 1097 | 0O "M 5]
; 57 1°0. = [ 030 T 053 | —= | 054 | 085 | —= 1 =— | RLME |
4 83 | O 05T | —— = 58 | —— | 1. —— K, WS |
5 one : —— | 0B8] :g_}g—_ q&‘% L 23 ;%%
.m TST :_w o !:m s -E U¢m o 1
X 138 10 S % :3-%: 1913 [ 028 LS 0.5 | 9. "
—— | —— | —— 1. 237 | 239 | 300 . —— == == NS |
72 | —— A —= 029 | —— R — == —— ﬁ:
59 . ) £ 297 .58 B3 | 230 | 138 | KI
- ne . .3 . .58 | O [ 0.09 BT [ 035 {110 [ U89 | K, M5 |
-Pen n 71 _| 5.23 0. X " 0.46 5 24 | 0. — | —=
: —— 10 —233145 5 81 | 0. —— | —— KL, MS,5Y
J. & . A 2 2 —— —— —— "s sl
K T 1078 A 027 |- gg —— == 1] — R,
a @ 005 | —— 1. 3 X 0.7 X —— == | —— WS
2 me e 0.35 | 1.37 ; - 5 == | —— km
none _ X — = —— X Al .75 R X [ 0.32
- - 0. T20- | 4. 787 X R 15 R .58 p L
00 1. J-one " — == A —_—— %: . - — = N 54 WS |
2 17 23 in-4-one 1.72 0.25 2] 0.70 1 3.4 2 % 1.04 M5 St
20 none —— | == X 050 | 2 .50 00 | —— | 007 —— X
A X U050 | —— X —— |57 | 390 | UBZ [ 0B0 | 007 | —— | KLMS |
ethyl-4(H)-pyran-4-one .
5 . 29 | 006 | 080 | —— | —— | —— | —— 1 037 | — = —— [ KL M5 |
A ZZ . 0.5 32 1 0% | —=— | —— | —— | === —— | —— T MS |
7 - Bul ] 98 | 1.79 20 | 188 { B51 | 496 | 810 | 199 | 364 AL RT, M5
nal [EE) .38 .5 3 —— —— | == == == == ——= MS |
g Canonic acid ). K .BS 0. —— ] —— ] —— 1 =1 == — — L MS |
ecanoad 0. A X 0.13 —_—— = == ==T1T==T1T —= , MS |
1 [aurate - ..3 A X 0.2 O | —— | == —— | — =1 —— MS |
Z - Decalactone 2.8 . 27 | 395 W | 3177 310 Z13 S5t |
- Compounds listed according to their elution on DBS co umin. - Kovats index.

- ® Compounds identified by GC — MS (MS) and/or by Kovats Index on DBS5 (K1) and/or by comparison of MS and Kl of standard compounds (St)
run under similar GC — MS conditions. .
- “Values are the average of two experiments and expressed as relative area percentaaes to totat identified compounds
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Concerning the fresh cookies it is obvious from Table (4) that addition of
SPI revealed variations in number and content of most of the identified
volatiles. The increased protein level may indirectly influence the rate of -
Maillard reaction either by hydrolysis or by deamination of the bound amino
acids 1zzo et al. (1993); Riha and Ho (1996), Pozo-Bayyone et al. (2006).

The four Stercker aldehydes identified in the present study, 2-methyl
-propanal, 2/3-methylbutanal and phenylacetaldeyde Table (4) may be
derived from amino acids valine, isoleucine, leucine and phenylalanine,
respectively. The increase in SPI level up to 10% in cookie samples revealed
a slight increase in the stercker aldehydes content (Fig. 1a) followed by a
remarkable decrease in samples contained 15 and 20% SPi. This decrease
in the sterecker aldehyde contents might indicate that they became involved
in further condensation reaction  with amines producing heterocyclic and/or
polymeric substances Bredie et al. (1998) and Fadel et al. (2006). The
diketone compounds identified in cookies aroma were 2,3-butandione and
2,3-pentandione(as sugar degradation compounds) Ledl and Schleicher
(1990) and can undergo condensation reaction via MR Table (4) and Fig.1b
showed that 10% SPI sample comprised the least content of these
compounds (11.59%). The Furans comprised the highest level in volatiles of
fresh control sample (30.24%). Among them 2-furfural was the predominant
compound (28.44%), hawever, it showed dramatic decrease by increasing
the SP! content in cookie samples Table (4). Furfural is a pungent and sweet
but does not have a cookie like, caramelic aroma. The two furans, 2-ethyl-5-
methylfuran and 2-pentylfuran are lipid derived products as will be discussed
bellow. Three furanones were identified in the present study, Furanones are
mainly associated with caramel-like, sweet, fruity, nutty and bumnt odour
impresslon Flament (1991). The fresh cookie sample SP| 10% comprised the
highest vield of these compounds (3.37%). These results confirm those of
the odour sensory analysis Table (3).

Four pyrazines were identified in the cookie samples Table (4).
Pyrazines have previously received attentlon in thermally treated cereals
because of their roasted, nutty flavour properties Bredie et al. (2002). It is
clear that the increase In the added concentration of SPI gave rise to a
remarkable increase in total pyrazines content. The pyrazines level in sample
SPI 20% was more than fifteen times greater than that in control sample (Fig.
1c). ‘

Many studies have shown that a number of amino acids readily react
with sugar to form alkyl pyrazines Whitfield (1992). In present study the soy
protein isolate contains substantial amounts of these amino acids Table (1).
Biscuit like, burnt odour was noted for 2-ethyl-5-methylpyrazine Bredie et al.
(1998) it showed the highest concentration in sample 8Pl 10%. This result
confirms those of odour sensory evaluation Table (3). The increased relative
concentration of pyrazines revealed the development of increased roasted /
toasted flavour in thermally treated cereal products Bredie et al. (1998) and
Fadel et al. (2006).
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Fig 1 : Effect of SP! supplementation (5-20%) on the main chemical

“classes in volatiles of fresh stored cookies (A fresh & w stored).

(a) Strecker aldehydes, (b) Diketones, (c) Pyrazines, (d) Pyrroies, (e)

Pyranones and f Lipid
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The identified pyrroles were,1-H-pyrrole and 2-acetyl-1-pyrroline, they
followed the same pattern as the pyrazines Table (4) and Fig.1d,
1-pyrrole was the most abundant species in volatiles of fresh sample SP!
20%. Popcorn like aroma was noted for 2-acetyl-1-pyrroline
Pozo -Bayyone et al. (2006). Proline is the precursor of 2-acetyl-1-pyrroline
Schieberle (1991). It comprised 4.7% of the total amino acids in SPI Table
(1). 3-Hydroxy-2- methyl -4(H)-pyran-4-one (maltol) and .2,3-dihydro-3,5-
dihydroxy-6-methyi-4(H)-pyran-4-one (DDMP) were the identified pyranone
in cookies. These compounds possessing sweet — caramel note Nishibori et
al. 1999 and Pozo -Bayyone et al. (2006). Their total yield increased with
addition of SPI up to 10% where it exhibited more than 10 folds that in control
sample (Fig. 1e). Pozo et al, 2006 stated that the addition of protein source
to cookie dough promote the formation of some pyranones with a pleasant
sweet aroma. DDMP-was dominated in sample SPI-10%, it showed a-sudden
decrease in samplé SPI' 15% assdciatet ‘with tohsldetable” intréase ‘In
maitol Table (4).

In a series of studies, Nishibori and Kawakishi (1990, 1991, 1992)
and Nishibori et al. (1999). Stated that the generation of DDMP in baked
cookies enhanced by addition of some proteins and amino acids. DDMP was
isolated and identifled in Maillard type browning reaction Mills and Hodge
(1976) it may be dehydrated to give maltol Mills et al. (1970) by extensive
heating. DDMP is well known as an indicator of the 2, 3-enolisation pathway
in Maillard reaction Davidek et al. (2000) and is a precursor of maltol, a key
odorant in cereal products. in addition to mailtol, 2-butandione, 2-methyl
pyrazine, 2-furfural and -5-decalactone were reported amongst the volatile
compounds used in model system of cookies flavour Prost et-al. (1993).

Most of the lipid degradation products found in the cookie samples
are derived from the oxidation of oleic acid, linoleic acid and small amount of
linolenic acid which are found in wheatfiour and SPi Bredie et al. (2002);
Solina et al. (2005). Typically, lipid oxidation products that-are odourfflavour —
active are short chain carbonyl components (aldehydes and ketones), fatty
acids and alcohols derived from unsaturated fatty acids Whitfield (1992). 2-
Ethyl-5-methylfuran and 2-pentylfuran are oxidative and/or thermal
degradation of unsaturated lipids Grosch (1982). Pentanal, hexanal,
pentylfuran, heptanone, 2-alkenal and 2,4-alkadienal are the major lipid
derived compounds in SPI Solina et al. (2005).

As shown in (Fig. 1f) the fortification of the cookie samples with 5%
SPI revealed a considerable increase in the lipid derived volatiles followed by
gradual decrease by increasing ISP content. This apparent decrease in lipid
— derived volatiles may be attributed to an increased formation of Maillard ~
derived products. Intermediates from Maillrad reaction have been shown to
act as free radical scavengers, inhibiting propagation of radical reaction
Elizalde et al (1991); Fallico et al. (2003).

The total content of the two identified lactones, y-butyrolactone and

-O-decalactone increased in sample 5% SPI to more than twice that in
control, however the increase in the level of SPI in the cookie samples up to
10 — 20% revealed considerable decrease in the total yield of these lactone
compounds Table (4). y-Butyroiactone possess sweet — caramel note, it is
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most widely distributed y-lactone Flament (1991). 5-Decalactone is described
as sweet, creamy and nut like note Flament (1991). Besides 5-decalactone,
2-butandione, 3-hexenal, butyric acid and 2,4-decadienal were reported
amongst the potent odorants of butter oil Widder et al. (1991).

Effect of storage for three months on the main chemical classes in the
cookie sample volatiles was investigated (Table 4 and Fig 1). In general, the
strecker aldehydes and diketones showed a noficeable decrease in
comparison to their yields in fresh cookie samples (Fig. 1a, b). Mayer and
Grosch (2001) correlated the decrease in the intensity of the
sweetish/caramel like odour quality of fresh ground coffee powder to the
decrease of these two chemical classes. These results were recently
confirmed in previous study concerning the effect of storage on the volatiles
of cocoa Fadel et al. (2006) and coffee substitutes (Fadeél et al. (2007).
Lactones, showed.the same,trend. Table (4). In general, pyrazines and
pyrroles showed-similar. trend, their total yields showed slight increases
(Fig.1c, d) especially for cookies containing high SPI levels (15, 20%). The
formation of these Maillard reaction products during storage is not likely, but
their increase may be attributed to some physical process taking place during
water dehydration process Stéllman (1985);, Fadel and Hegazy (1993).
Pyranones, the key odorants of:cookies, showed remarkable decrease after
storage for 3 months. These results are consistent with those of odour
sensory analysis Tabie (3). An opposite trend was observed for the lipid
degradation products (Fig 1f). - The stored control sample comprised the
highest level of these compounds. Their total yield was more than six folds
higher than fresh control sampie (Fig 1f). .
2-Hexenal, the lenoleic derived compound, was the dommant compound
contributing to this increase Parker et al. (2000). The rate of increasing lipid
derived compounds in the stored cookies showed a remarkable decrease by
increasing the added amounts of SPI (Fig.1f). This may be attributed to the
increased formation of Maillard- denvgd products that can act as free radical
scavengers Elizalde et al. (1991).

’ CONCULU‘SION

- The present study showed that wheatflour supplemented with SPI at
different levels (5 — 20%) produced high quality cookies with an increased
nutrition value. .

- Cookies fortified with 10% SPI possessed the highest yield of the volatiles
that are considered as markers of cookies aroma.

- A quite agreement was found between the generated volatiles and aroma
sensory attributes of each cookie sample.
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