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Table 1 Properties of sugar syrup, date syrup, and fruit paste

A TA (g citric TPC (mg Viscosity
component  pH  Brix (*) acid/100 g) GAE/100 g) (cp)
Fruit paste 3.62 325 2.59 207.6 9452
Sugar syrup 4.06 73.0 0.06 5.5 888
Date syrup 441 75.7 1.01 190.8 5680

TA: total acidity and TPC: total phenolic compounds

Table 2 Levels of different components (%) used in formulation of marmalade

Components (%)

Formula

Fruit paste (A) Sugar syrup (B) Date syrup (C)
1 65.0 17.5 17.5
2 35.0 0.0 65.0
3 50.0 12.5 375
4 35.0 65.0 0.0
5 35.0 325 325
6 50.0 50.0 0.0
7 50.0 0.0 50.0
8 65.0 0.0 35.0
9 65.0 35.0 0.0
10 50.0 375 12.5

Yyo



B BT ERCTUIS (PR PRCPIn JUgt pr Ity

OLCen 5 (65, 5 Lames

45 s 5 (6 S 0511 —0-Y

oSy g oBis S Sl eslial Ly a3 Sy s (5 =S o3
»RV4 Ju o Laz (DV3T, Brookfield, USA)
S s ob S planil Yo OC glos 500 TPM Cs
BT Sl alob by s e Yor S0 S5 0o DL T dsa
A g el

= bl =Y

o i3gel bl L8 Yy Ly TVl e sla S
S Laas 55 U i azal o Olysls 3128 5 513 andllas 5 50
Gy s 35 bl S b M (B et
e bl e sla Sis SLssles Lyl S
5 )Y o skl 5 280y ploull (glebadi & S
s a8 ke s (g L) 4

Laeals LSJLJ J.:l:ﬁ EE ] -V-Y

solend o) il g U e sk«
J:.J_u)-'lcj_lg;\ ol A 5 Vlyle sla S5y o lo 0,
Design-Expert |3 3le 5 .0 esliul sdls 3 gdoe b sl
s S 5 eslaal 3 s Laesls JUT 61 5 7.0.0 wsees
G a Laeals 50T 51 Sy 8 gl ol o i S Vslas
Lo 5558 bl ged 0l o i ladie 4 a5 el
b Glad oy i a5 A ey Sy A e
S ol sl cms bz ot 5 St ey
anllln s sl Ss o 5l g8 e Ol & J s b
3 S e

-

Cow g @LJ -y
d_,l;r.o .LoL> :l_,.o—\—\"

dalo slge slade sl L o sl sl50 b5 @L'
S g Lot ol co gm0y 5 slde 06 o 5Vl sle J los
53 s ey Slie Rl Las Shcculam 515 o
Lal sl 2alS Jploms ol 3150 1tis o umme O 5 505
o3l e il 53l e Dl o 5 Lo o o lie 5l

‘bj_":gﬁ_‘ odalis a-) JQ).}AS)}EJLQA R J}bu Lol

yya

d_,l:r.o ML? :|_,.c 6J.:§e}|43‘—\—"
);‘.Aj_:sj_é)oli;‘...».})l o}L&l‘.wlesJ}bm J..Al:- J‘).A 6;0)\.\4\
s ¢l Y0 °C sles s WAL, OPTIKA, Italy)
&5 dnsl (S 03101 — Y=Y
) s S L Ol 25 s 4 SVl anind
Yo u.m'y,;)-\pfo Il 5kt ol (gl (g Sl Je 5
jua&jkﬁoﬁbﬂjowﬁﬁgiﬂw
el LS pLaslAY b e pH Oaa; U 0 gl 25
W dsls 3 akaly Sleslenad b sVl

Z=(V xNx Meq x 100) / w
>}M4_:15L»JSN‘J:QLSLT»4{LSAIMJFWV@\)¢H\)>
5 (T ) e el OV ST e Meq ¢ b as

JS d_,nﬁ 6ﬁ§e,'|43| Y-y
Do N baalsad 53 55 se JS I3 s sme S0l
oslinl a5 SUSIL (VAAL) 0K 5 81 Jawe 5 ol &1
Jdome Ly ol o Son aiod o8 0700 Tl haie oy
et Ay ke V0 e YA e 4 T/ e
KS 260 basic, IKA, ) & 5l eslical U Lol J sl
02)ph (g3 dm ak3s N Do Yoo TPM s (Germany
Saab Blw 00 e @ o3 aids Ve Sods am OF 5l e 5 A
Voo Ll s §(Sigma 3-30K, Germany)
s e g S VO edd Sl e Sl )5 S
Sl S s S Vor 5V ) Cad w35, 5385
Sl s a@ds Y CondS Gl ey 5 S 658l s R
S5 Sl s b A s S
FesliVor s wJy b, (UNICO 2802, China)
oslaul 3,6kl Ol e a0 SUIE sl 5l (¢ . Se 31!

J\V] _\.pjf
K, -¢-Y

C_m&_,) oKs leslial L sVlo e S5, sla axls
b sas Ky ook . (6,551 (TES-135A, Taiwan)
LS"\'C"_""[_-'-L?_";})WJ_'LS_(JJ LsLhda}L.Z)\o:Lﬂ.m\b

A5 0 ) s, 5@) S —s305 (L)



Vv sl 2 Mo, MY ol

L0 Y go 5 3 Jydoee dalor 3l ge Sl ks 03,51 Cs &
b aS dde jnCowledos S ALY Ul s il
by dos OamaV e 3 pliag sy (T00)) S 5 il
el IS o dalr 3lpe i 5 A3 bl el e
o adoles S L eams 50 4y IS 4 Glao s Ol

IIAT s eals Ol S

A: Fruit paste
100

(a)

65 35 65
C: Date syrup

B: Sugar syrup
Brix
A: Fruit paste
100

(©

S i VLl Jpdome dol slge 2ulisl 53 Lo 2 65 50
T e R e
WY/ Ols G oS 5 o3 VOV aslinal 5550 (sbo 5
Ohde 3ok shcans Htl s a4 pl Gl o35y Loy
H:M@jzﬁMJJVY/O}gj}TaJﬁJjbuJﬁlq-osb
slae alS Jpa e O a b 3 0 gme o) 5 SlARe )8
Sl oS s i dslee .l anils Jlis 4 1y Jsloee el

A: Fruit paste
100

(b)

B: Sugar syrup

35 65
C: Date syrup

TA

A: Fruit paste
100

(d)

0 0
1047
847
147
865 35 865 35 65
B: Sugar syrup C: Date syrup B: Sugar syrup C: Date syrup
TPC Viscosity

Fig 1 Counter plots for physiochemical characteristics of brix, TA, TPC, and viscosity (TA: total acidity and TPC:
total phenolic compounds)
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Table 3 Predicted models for sensorial and physiochemical characteristics

Attributes Model R’
Brix (°) Y =3431A+58.14B+61.01C-0.44AB + 043AC + 0.084BC 0.99
TA (gcitricacid/100 g Y =3.53A+ 1.11B + 1.80C - 1.12AB - 1 29AC + 0.67BC 0.99
TPC (mg GAE/100 g) Y =73.95A +24.72B +144.73C + 127.16AB - 2.04AC + 83.23BC 0.95
Viscosity (cp) Y =11219A + 1526B + 3257C - 6788 AB - 7866AC - 1238BC 098
L* Y =6.68A+1021B+7.72C+0.72AB + 4.17AC - 4.68BC 0.89
a* Y =13.19A +8.56B + 6.18C - 541 AB +2.33AC - 4. 45BC 0.96

b* Y =-993A-6.52B-5.28C+3.55AB + 7.12AC - 4.63BC 091
Sweetness Y =2.55A+7.04B + 6.48C + 7.06AB +3.71AC - 0.55BC 0.94
Sourness Y =294A+3.72B+4.07C + 16.27AB + 13.34AC - 1.60BC 098
Spreadability Y=621A+494B+5.79C +7.53AB +222AC +1.33BC 0.96
Color Y =10.03A+6.49B +4.01C - 0.007AB - 3.93AC + 0.66BC 0.90
Consistency Y =587A +3.83B+6.22C + 8.98AB - 0.019AC - 0.31BC 091
Taste and flavor Y =454A+5.49B+4.30C +8.31AB +2.48AC - 0.99BC 0.95
Overall acceptability Y=551A+5.15B+487C+926AB + 7.82AC - 1.26BC 0.96

TA: total acidity, TPC: total phenolic compounds, A: Fruit paste, B: Sugar syrup, and C: Date syrup
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Fig 2 Counter plots for color indices of L", a", and b"
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Table 4 Sensory evaluation of produced marmalade

Formula Sweetness Sourness Spreadability Color  Consistency T?]S;f/(?:d acc(zggsgi ty
1 6.14 7.14 7.29 744 6.71 6.14 7.43
2 6.43 4.14 5.86 429 6.14 443 5.00
3 6.14 5.71 6.71 5.96 6.43 557 6.29
4 7.00 3.57 5.00 6.71 3.86 557 5.00
5 6.71 3.57 5.57 491 5.00 443 4.71
6 7.29 6.71 6.57 7.00 6.14 6.71 7.29
7 6.43 6.14 6.14 4.16 6.14 443 6.14
8 5.57 7.00 6.43 5.64 5.86 5.00 7.29
9 6.71 7.14 7.29 7.86 7.00 7.00 7.29
10 7.00 6.29 6.57 7.04 5.29 6.14 6.57
A: Fruit paste A: Fruit paste
100 100
(a) (b)

65
B: Sugar syrup

35

Sweetness

65

C: Date syrup

Y

65
B: Sugar syrup

35 65

C: Date syrup
Sourness
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A: Fruit paste A: Fruit paste
100 100

(©) (d)

0
469
65 35 65 65 35 65
B: Sugar syrup C: Date syrup B: Sugar syrup C: Date syrup
Spreadability Color
A: Fruit paste A: Fruit paste
100
(e) (9

65 65 65
B: Sugar syrup C: Date syrup B: Sugar syrup C: Date syrup
Consistency Taste and flavor
Fig 3 Counter plots for sensory attributes (sweetness, sourness, spreadability, color, consistency, and taste and
flavor)

A: Fruit paste
100

65 35 65
B: Sugar syrup C: Date syrup

Overall acceptability
Fig 4 Counter plots for overall acceptability.
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Table 5 Optimum value of analyzed attributes
for constrained mixture design of marmalade

Attributes Optimum values

Brix (°) 50.94

TA (g citric acid/100 g) 2.07
TPC (mg GAE/100 g) 112.4
Viscosity (cp) 3961

L* 8.14

a* 8.79

b* -6.15
Sweetness 6.20
Sourness 6.73
Spreadability 6.76
Color 6.03
Consistency 6.22
Taste and flavor 547
Overall acceptability 6.94

TA: total acidity and TPC: total phenolic compounds
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Marmalade is a processed product of some plant organs such as fruit, flower,
fruit peel and tuber in which the plant parts used are small and well
homogenized. Sugar is used as a sweetener in the preparation of marmalade.
In this study, the use of date syrup as a substitute for sucrose used in
marmalade formulation was studied. The constrained mixture design was used
to achieve the optimal formulation and the effect of sugar substitution with
date palm syrup on properties of marmalade was studied. The ingredients
used in the formulation were plum paste (35-65%), sugar syrup (0-65%) and
date syrup (0-65%). Ten formulas were produced based on the constrained
mixture design and their physical, chemical and sensorial properties were
investigated. The results showed that plum paste had the greatest effect on
increasing the viscosity and total acidity of marmalade, while total soluble
solids decreased with increasing the amount of plum paste in the formulation.
The L" index of the samples decreased with increasing date syrup and plum
paste and the redness of marmalade increased with increasing plum paste.
Sensory evaluation of the produced formulations showed that the increase in
plum paste increased the consistency, spreadability, color and overall
acceptance, while the sweetness and taste and flavor were more affected by
the increase in date syrup. Optimal formulation was obtained in the ratios of
58% plum paste, 12% sugar syrup and 30% date syrup and in the optimal
formulation the total acidity, total phenolic compounds, and viscosity of
marmalade at 20 °C were equal to 2.07 g citric acid/100 g, 112.4 mg gallic
acid/100 g, and 3961 cp, respectively.
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