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Abstract - This research intended to study browning reaction between glucose, fructose, and lipids with amino acids in real system
during making Kue Delapan Jam. Research applied completely randomized design with steaming time as treatment ( 2, 4, 6, and 8 hours)
with 3 replication. The development of color and browning index were ivestigated by using lightness, redness, yellowness, and total color
difference (TCD) during reaction, and the absorbance of methanol extracts was measured at 420 nm in 40.0 mm silica. The development
of texture was monitored by using Bookfield texture analyzer. Test results showed that steaming time influenced the color, browning
index, texture, protein, and fat content of the cake significantly. Steaming time has no effect on water content. There were positive
correlation between steaming time with TDC, redness, texture, and browning index during course. While for lightness, yellowness, pH,
protein, and fat content indicated negative correlation. Changes on texture, TDC, browning index, protein, and fat content followed linear
model.
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|. INTRODUCTION causes the formation of Hions, thus lowering the pH of the

The Kue delapan jam is a traditional cake of Patemgpo System. The decline in pH causes the ratelaiflard reaction
area. It is made from eggs, sugar, sweetened ceedemilk decreases (Saltmarch and Labuza, 1982; Nursten5).200
and margarine which steamed for 8 hours. Physi¢ely is Additionally decreasing in pH also caused by thenfation of
brown in color, soft textured with a fairly high tea content Short-chain carboxylic acids such as acetic acid fammic
of> 40%. acid (Martins and van Boekel, 2001; Nursten 2006fidR-

In making KDJ, browning and texture are importarftanares, 2006). Steaming process caused a dewlthe pH
determinant of quality. KDJ which is less brown siolered Of the system that affects the formation of browatoc. The
not quite meet the quality requirements. Simildidy the decrease.m pH leads to de]ayed formation of bromlor on
texture, KDJ which look like soft and less denserded not KDJ so it takes a long time to get the desired llesle
meet quality requirements. Browning and texture major Drowning. _ _
problem in the processing KDJ. The formation ofvmo  Browning also occured in the processing of foods
pigment and dense texture are very slow so it takdsng as containing lipids as a result of lipid oxidatiorhd products of
8 hours to get good quality of cake. lipid _OX|dat!0n then react with amines, amino aC|dE_;d

The brown color of KDJ comes from the browningroteins (Hidalgo and Zamora, 2000; Zamora and lgaa
reaction that occurs during steaming. Browning tieac 2005). Oxidation of lipids in food can occur in renzymatic
occurs via théMaillard reaction and lipid oxidatiorMaillard éaction that known as  auto-oxidation reaction.toAu
reaction occurs between the carbonyl compound<t(fse OX|dat_|on occurs throu.gh a free radical mecharamh hy(_jro
and glucose) with amino acids, protein, and pepti@@romde. Hydro peroxides and f.ree radicals arg veactive
(Saltmarch and Labuza, 1982; Ames, 1990; Nurste052 SO they forms a complex reaction such as degradatial
Yu and Zhang, 2010; Bast@s al., 2012).Maillard reaction
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interactions to produce brown oxypolimer (Hidalgoda The value of k, &, and B were measured after the
Zamora, 2000; Zamora and Hidalgo, 2005). mixture steamed for five minutes, so that the nixtioecomes
Browning can be used indirectly in predicting tha solid and had flat surface .
compounds present in a material, because it is@abygan be Change on texture were measured by using Bookfield
done quickly. Tristimulus color measurement hasnbesed texture analyzer with a probe plastic cylinder diéden of 25.4
effectively in calculating the reaction rate of stants and mm, trigger 100 g, speed of 1.0 m/sec with 10 mgtaglice.
activation energies on non-enzymatic discolorat{tarz, The moisture contents were measured by the diféerefi the
2000; Laugt al, 2000; Tosun, 2004; Mohammasi,al, 2008; sample weight after drying at 105 °C for 20 h. Eantents
Tan, 2012). were determined using the standard method of tisedation
Research on the kinetics of color changes on gestéms of Official Analytical Chemists (AOAC, 1990). Theqgiein
have been carried out widely (Mohammaei, al, 2008; content was determined by the semi-micro Kjeldabkthad
Bosch,et al, 2007; Hutapeat al, 2004; Tosun, 2004; Lagt (1ISO 5983-1-2005).
al, 2000) . Most of studies revealed that color ¢fesnin the
Maillard reaction followed zero-order kinetics (Ibaet,al, lll. RESULTAND DISCUSSION
2000; Tosun, 2004; Mohammadi al, 2008; Jaiswal and pjpisture Content
Abu-Ghannam, 2013). However, those studies ardddnio
the process of bread making, milk processing andngr The moisture content of KDJ ranged from 47.6 t®%8
vegetable and fruits. Research on the changing hef tThis means that statistically the moisture contemelatively
chemical physical of complex systems have not heidely the same for all treatment. High levels of moistshowed
applied. that steaming process not able to evaporate therwantent
This research aims to study the changes on thesigatty ©of the raw materials (dough), during steaming. Téweger
chemical properties of KDJ includes changes in mol$teaming time does not affect on the moisture cainte
moisture, protein, fat content, and texture foromain various Teytire
steaming times of KDJ. The study also expected lban
applied to predict the physical-chemical propertiranges in Test results for the texture showed an increasedxiture
the processing of other foods that contain carbattgd, during steaming. The texture changes during ste@min
proteins and fats. followed a linear pattern. The longer steaming there
compact texture. Steaming time have a very strongeation
Il. MATERIAL AND METHOD (R? = 0.973) with the rate of increase in texture.sTisi in
accordance with Labuzat al (2008) who also found a linear
pattern on change in the texture of whey-baseddahding
1) Raw material for KDJ making consist of hens eggrsse, storage.
margarine and sweetened condensed milk. Texture is one of the most important quality atttéo for
foods. Change on texture could indicate deterionatin
foods. Moisture, composition, pH and dimension amng
'factor those influence the texture.
Texture of KDJ were developped during steaming.
Texture of KDJ which were steamed for 2 hours neddy
softer than that of other treatments. This is doethe

g lation of high molecular weight compounds ¢z
3) The KDJ was made by mixing 1,500 g of eggs, 600 cumu : R .
sugar, 398 g sweetened condensed milk and 1001?§ ed as a result of thdaillard reaction is not quite enough,

margarine by using a hand mixer to obtain a homeges so that the texture is quite soft. More over girsteaming

mixture. The mixture is then poured into the 20X2@xm proteins in_teracts eac_:h othgr to form protein agekation
baking pan that has been smeared with margarinen ith and theMaillard reaction which affects the color and texture

was covered with aluminum foil to prevent waterptet (Labuza, et al, 2008). Analysis of variance on the texture

on the surface. Steaming process is then perfornfé]))(%vrido;[:](aéfteam'ng time have significant efist the

according to treatment time ( 2 h, 4 h, 6 h and.8The
cake was taken out and air cooled soon after stepmColor
time reached to stop further reaction.

Materials used in this research were:

2) Research instrument such as weight scaléle€tronic
Kitchen Scale Model EK3651 with 2,000, hand mixer
baking panautoclave, Hirayama type Hiclave- HVE-50,
Konica color reader, desiccators, glassware, incupa
magnetic stirrer, analytical balance, oven, Bodéfie
Texture Analyzer, Spectrophotometer (Hach).

Color is important attribute for foods, caused cdn be
Research apply completely randomized design with cBserved directly. More over color change or cfdomation
replication. The treatment was steaming time comgi? h, 4 can be used to predict reaction stages in foodymts such
h, 6 h, and 8 h. Data were analyzed by Duncan'siphell Maillard reaction stage@-rancis, 1995 in Bastost al, 2012).
range tests using statistical package StatistiGaS\software. Brown color on KDJ generated from non enzymatic
A significant level was defined #s<0.05. browning reactions namely Maillard reaction and lipid
Color was evaluated by using Konica Minoltalor oxidation during steaming process. Reactants Maillard
Reader measuring L (100 =White, 0=Black), a (+, red; +eaction derived from sugar (sucrose) and lipida asurce of
green), b (+, yellow; -, blue). A white tile (No1233001) carbonyl compounds and proteins from eggs and mdlka
was used to standardize the instrument. Total Cokwurce of amino acids. The source of lipids foe tipid

Difference (TDC) calculated according to equation: oxidation derived from egg yolks and margarine.
TDC = (A L% +A &+ A b2 (1) Test results showed decline in the level of lightnéL)
during steaming. Decreasing on the lightness caused
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browning reaction that occurs during steaming. Tdmger Analysis of variance showed that steaming time
steaming, the darker color produced. The decresaléghtness influenced the browning index significantly. Thexgere
during steaming indicates the accumulation of biogn significant difference on the browning index whishas
pigments which were formed during steaming procaesse steamed for 8 hours with those steamed for 6 hothere
and more. This is consistent with other studies tbported a were strong correlation between steaming time aid of
decrease in the value of the lightness during msiog and browning. Rate of browning increased with incregsin
storage of foods (Ramirez-Jimenezal, 2000; Tosun, 2004; steaming timeThe difference on the browning index is due to
Cogheet al, 2006; Boschet al, 2007; Mohammadigt al, melanoidin formation during steaming. The 2 houeasing
2008; Matsuoet al, 2012; Taret al, 2012). only produced brown pigment slightly. In the camyr

Analysis of variance showed that steaming time hagteaming for 6 hours, and 8 hours, the brown pigmen
significant effect on the lightness of KDJ. Thissu# produced have accumulated quite a lot so it gaysficant
indicated that the rate of browning increase witbréasing difference in browning index.
steaming time.

In contrast to lightness, the redness (+a) of KDakw
increasing consistently. The longer steaming, thghdr Test result on fat content showed a decreased glurin
redness. This is an accordance with other stutligisalso steaming. This was becaused the fat undergo audiation
reported an increasing of redness during procgsaimd due to heat treatment to becomes hydroperoxiden&€kestep
storage of food (Tosun, 2004; Bosathal, 2007; Mohammadi, is degradation of hydroperoxides to become aldehyated
et al, 2008; Capuanet al, 2008; Matsuoet al, 2012; Zaman hydro carbon. Finally  hydro peroxide and aldehyde
and Yang, 2013). Steaming time have a very stropglymerize into stable products and brown prod{digalgo
correlation (linear regression’R= 0.92) with the rate of and Zamora, 2000, Fennema, 1996). In addition durin
increasing of redness. steamingMaillard reaction also took plac®laillard reaction

Analysis of variance showed that steaming time haetween lipid oxidation products with amines, amamds
significant effect on the redness of KDJ. Dundast showed and proteins cause browning in food processingdldin and
there were significant difference on the rednessd which Zamora, 2000). All reaction series during steamiagised
were steamed for 8 hours with those were steanei fiours, decreasing fat content on the cake.

4, hours and 2 hours. Analysis of variance showed that steaming time

As for yellowness, steaming time resulted decrease influenced the fat content significantly. Duncaade square
yellowness (b). This is in accordance with othedis which test showed there were significant difference oam fht
reported decreasing in yellowness during procgssind content of KDJ which was steamed for 8 hours witbse
storage of foods (Ibargf al, 2000; Tosun, 2004; Mohammadisteamed for 2 , 4 hours and 6 hours. There were no
2007). significant difference on fat content of KDJ whickere

Analysis of variance showed that steaming time hageeamed for 4 hours and 6 hours.
significant effect on the yellowness of KDJ. Thexere
significant difference on the yellowness of KDJ elhiwere
steamed 8 hours with those were steamed for 2 ranas4 Test result on the protein content showed a deedeas
hours. during steaming. This is becaused during steammogems

The changes on the color of the cake during stegmiimndergoMaillard reaction with carbonyl compound which
were calculated as Total color difference (TDC)efehwere were derived from lipid oxidation to produce vdiataroma
linear increasing of TDC during steamirg the early stages compound such as ammonia, carbon dioxide and sireck
there were significant increase in TDC. This intiich aldehyde. This in accordance with Van Ba, et alL@@vhich
positive correlation between steaming time witheraif states that amino acids can undergo the Streckgadation
increase of TDC. The longer steaming, the highemgk in that subsequently produce some reactive radicath sis
TDC. ammonia, hydrosulfide and etc which also are abl&itther
react with the secondary oxidized products of liggigproduce
volatile aroma such as thiols, thiophenes, thiazatel etc.

Browning on KDJ considered to be desirable caused i Analysis of variance showed that steaming time
enhances the appearance and flavour in termsdificand influenced the protein content significantly. Duncéeast
consumer acceptance. Rate of browning reactioperdis on square test showed there were significant diffezeo the
temperature, pH, moisture content, time of heatinent, the protein content which was steamed for 8 hours with was
concentration and nature of the reactants (Saltmamd steamed for 2 hours and the doughy)(HNo significant
Labuza, 1982). difference on the protein content of KDJ which wsteamed

Test result showed the increased in browning xndéor 8 hours, 6 hours, and 4 hours.
during course. The longer steaming time, the hidginewning
index. Steaming time have significan effect on ihewning IV. CONLUSIONS

index. This indicated the occurrence of faillard reaction The above result showed that the steaming timeénfte
and melanoidin formation during steaming. This leso 4 he physical-chemical properties of KDJ suchtesture,

accordance with numerous studies that showedviiiard oo, prowning index, protein and fat content.aténg time
reaction is influenced by the type of reactants dmdhtion of -\ g effect on water content.

heating (Ames, 1998; Boschi al, 2007; Zaman and Yang,  pyring steaming there were increased in  texture,
2013). browning index, redness (a), and TDC. While forltgbtness
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(L), yellowness (b), protein, and fat showed a dased.
Changes in texture, TDC, redness, browning indegfem

as for texture, browning index and total color eliffnce
which were steamed for 6 hours significantly difféth were

and fat content followed the linear models. Theoggbrotein steamed for 8 hours.
and fat content of KDJ which were steamed for 6rtiowot

significantly difference with were steamed for 8utg While

Table 1. Physical-chemical properties of KDJ

Code Texture L a b 1B TDC Protein (%) Fat (%)
Ho - 77.70 a 1.40 a 2423 a - - 10.99 a 14.77 a
H, 1087.5a 64.13 b 2.23a 21.43Db 0.32a 16.93 a 210.4 12.76 b

H, 1232.1a 56.03 ¢ 7.40b 15.57 ¢ 0.39 a 27.27b .88 9.71 c

He 1451.7 b 52.67d 9.73 bc 14.0 cd 0.44 ab 31.66¢c 2 85 7.40 c

Hsg 1762.8 c 50.9 d 10.3¢c 12.67d 0.65c¢c 33.94d 6 0 5.50 d

*Data represent mean values (n = 3) of the measmem

Means marked with the same letter in each batchatrsignificantly different (P>0.05)
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