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of Mulberry Fruit Leather Product

Piyanuch Roskhrua* and Maliwan Kitchaicharoen

Faculty of Science and Agricultural Technology, Rajamangala University of Technology Lanna Nan,
59 Moo 13 Phai-Keaw Sub-district, Phuphieng District, Nan Province 55000

Received 26 May 2019; Revised 29 April 2020; Accepted 30 April 2020

Abstract

The objective of this study was to investigate the optimal formulation of mulberry
fruit leather product when varying the weight ratio of mulberry fruit: water as 70:30, 60:40,
50:50, 40:60 and 30:70. Three factors were then determined by simplex centroid design; sugar
(0-100% or 0-50 grams), citric acid (0-100% or 0-5 grams) and pectin (0-100% or 0-3 grams),
which the sum of them equivalent to 100% while other ingredients remained constant. Analysis
of the data was performed using ANOVA and Mixture Response Surface Models. The results
indicated that the highest adhesiveness force and gumminess of mulberry fruit leather product
were founded when the weight ratio of mulberry fruit to water was 70:30. The amount of
sugar, acid and pectin had effects on water activity (AW), texture profile and sensory score of
overall liking of product. From contour plot, the predictive models were obtained by plottin
g the contour line of all sensory attributes with acceptable score greater than 5.5 and thus the
optimization area was selected. After overlapping contour plots, an optimal formulation
obtained was composed of 40-70% sugar, 0-5% citric acid and 30-55% pectin. The sensory score
of overall liking of product using a 9-point hedonic scale was 6.3. The water activity (AW),
adhesiveness force, cohesiveness and gumminess of the prototype mulberry fruit leather
product was 4.9, 945.11 ¢. sec., 0.85 N and 452.12 N., respectively.

Keywords : Fruit Leather; Mulberry Fruit; Water Activity; Response Surface Methodology
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(Bombyx Mori) drurasiasuad (Mulberry Fruit)
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Wt udamasena v 12x12 i1 duidndeann
250 nfu auwwhygeuauseu (TD 10, Since
OFM 1997, U3t Teutuo$ ind uuvTuiue3 $17n,
Uszinalng) flgamndl 65 sariwaldoa um 7
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RMUTP Research Journal, Vol. 14, No. 1, January-June 2020 61

A5199 1 @UNAUNSNANIALUDTLHY

; Sasndauszwinaiionalddat (w/w)
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6 0 0.5 0.5 0 250 1.50
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vodlaseasnaa [11]-{13] dsluaneussdamied (Cohesiveness) wagAIAIUWTEIAIUNEY UG
194198 (Adhesiveness), ANUTMIIVBILASY  (Gumminess) VassRI1EIU 70:30 Tmasgaiadeon
451998 (Hardness), Anmannsatunissandiiy - Mfnwgasiuvanzausely

M3T 3 Uiinawesidaiazaneld (Brix) Aasidunsn-ang (pH) TaAmeinesuendin (A ) uas
AR R GG AR E R GRTL R

anTnausznnalanaldidetn (w/w)

AMENYMY
70:30 60:40 50:50 40:60 30:70

U’%mmmamﬁaﬁaxawﬁﬂﬁ 48.70°+1.02 47.50°+0.95  46.90™+1.00 46.50°+0.89 44.20°+0.92
(°Brix)

pH 2.99°+0.07 2.98°+0.06  2.90+0.11 2.93°+0.04 2.85°+0.08
Water activity (A ) 0.55°+0.08 0.53°+0.05 0.48°+0.06 0.507°+0.04 0.47°+0.04
A iloduia

- Adhesiveness (g.sec.) 773.76°+23.62 300.55°+12.91 462.43+22.65 515.17°+21.20 294.02°+19.26
- Hardness (N) 457.31°£18.23 374.65°+11.56 292.93+13.28 270.93°+16.02 247.37°+10.26
- Cohesiveness 0.91°+0.04 0.87°+0.08  0.89+0.07 0.90°+0.06 0.86°+0.05
- Gumminess (N) 416.15°+15.89 32594°+12.22 260.71+11.25 246.54°+12.36 212.74°+13.14

o

nuewn f8nes a-c lukuiueu vl uandsiuegdideddynisatianssdunnudesiudesay 95

A15199 4 ABLABSWBNFIRA (A) waranuwL Lo dUNEUDINAR A ueiTaLUBDTLEY

dmeans USunaw USunaw USunew water dnvaziloduns

wma - nn o WNAAY - activity  aghesiveness  Hardness  Cohesiveness Gumminess

X1  x2  x3)  (A) (g.sec) ™) ™)
1 10 0 0 059002 945.11:1826  56256:11.26  085:0.06  452.12+14.26
2 0 10 0 055003 65223:1225 452.69+13.22  091x0.08  491.89+13.15
3 0 0 10 049:005 79245:13.11 483.11x1513  099:006  679.56:20.11
4 05 05 0 051004 85923:1059 498.45:14.65  081:005  458.56+18.69
5 0.5 0 0.5  057:002 89225:1512 426.87+15.89 084004  598.45:17.59
6 0 0.5 05  058:003 73822+1189 504.78x1648  075:0.03  549.68+16.57

7 0.333  0.333  0.333 046+0.01  773.76+23.62  457.31+1823 0.91+0.04 416.15+15.89
8 0.333 0.333 0.333 048+£0.04 801.59+1658  472.65+18.49 0.90+0.06 448.59+14.26

9 0.333 0333  0.333 0.50+0.05  789.58+15.78  466.56+13.57 0.87+0.05 428.48+13.45
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iwaRuTisiaRnA WA TWAHY
Tawedusuie 9 dmnaedls dn A, uaz

é’ﬂ’umzLﬁaﬁmﬁaﬁLmﬂsmﬁ’uasmﬁﬁﬂﬁﬁzgma

&b (p<0.05)lng A1 A YOINAN TR UDT Wi

agluy9 0.46-0.59 FadmPusmnsiitaudiusi

fiadlein A_snth 0.6 Fadudasiiqduvidussan

Wesllamnsaasald [13] lnedmeassd 1

FnduvenmanensasewaRy Wiy 1.0: 0: 0

fienadvvosusBanieivensa (Adhesiveness)

wavANNudausaadlaseaineaa (Hardness) 1

flan ungdemansil 3 dadauvesimiasensa

FONARUVINAU 0: 0: 1.0 unliauanisalunig

1N1gi (Cohesiveness) LazAIMINLUTEIAIL

VEfuRd (Gumminess) W nfign saenndoaiy

A15199 5 AYWUUAIIUTDURBDKARN U AL UDIEU

Sadnvasdrumaiuiinnigaileiiouiuis
nAaesBuY KAndmITeddnuasineiif uasd
ANUEAEY Fap57991 4 Fanafuimiidu
asinea (Gelling Agents) udrdadu ansifiu
ANUtunila (Thickener) awsﬁam%’uﬁw (Water
binder) vhlvidoduiaiidnuasduniauazdangu
Nt [11], [12]

AZLUUAIUYIUNNUTEAMFUNE WU
AZWUUANNYDUAMGNYYIUE SauF dnwase
Usng dloduda wavmnuveulnsTinvedds
naaesil 5 dadluvestiaanensadeinaRy
Wiy 0.5: 0: 0.5 TAzUUUATINYEUAIUE nAu
savd uazaureulassgeian Sainiu 6.0,
6.9, 6.1 uag 6.3 MUY

Aweans s Y Sunau AZUUUAIIUYDUNSUSZAMMEUAE
iha nan wAdiy g nAu savIR anwaz  edudd  Avwuveu

(x1) (X2) (X3) Usng —
1 1.0 0 0 6.1+0.2 6.7+0.2 6.0+0.2 5.1+0.1 5.8+0.1 6.2+0.1
2 0 1.0 0 6.2+0.1 6.5+0.1 6.0+0.3 5.1+0.1 55+0.1 6.2+0.1
3 0 0 1.0 6.3+0.1 6.8+0.1 5.1+0.3 53+0.2 6.2+0.1 6.1+0.2
4 0.5 0.5 0 6.1+0.2 6.5+0.2 53+0.1 5.4+0.2 6.1+0.2 6.0+0.1
5 0.5 0 0.5 6.0+0.1 6.9+0.2 6.1+0.1 5.3+0.1 6.0+0.1 6.4+0.1
6 0 0.5 0.5 6.4+0.2 6.7+0.1 5.1+0.2 4.9+0.1 5.3+0.1 5.9+0.2
7 0.333 0.333 0.333 6.0+0.3 6.0+0.3 55+0.1 5.2+0.1 5.7+0.1 6.2+0.2
8 0.333 0.333 0.333 6.1+0.1 6.2+0.3 5.4+0.2 55+0.2 5.8+0.1 6.3+0.1
9 0.333 0.333 0.333 6.2+0.1 5.1+0.2 5.6+0.2 5.1+0.2 6.0+0.1 6.2+0.1
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(n) Adhesiveness (¥) Taste

Pectin Pectin

— 62

— 54

() Appearance (@) Texture
pectn 0. I)p;mlnlm
AN
/N
025 / \Qﬁ
\\
0.50, &50
\
7 X
— 63
- 212 1.03 QO/ 025 0.50 075 '|D||;nn
o su‘gar . . A‘cid
(@) Overall liking (®) Optimum overlapping

3U# 1 Contour Plot vessdamiledveuaa savd dnuuylsing dnuuziileduda
wazAUYeUlneTINvRiAUBTIWAY
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Toyaiildainnismaaey amnmduie
dula wazaureunaUszamduiavesialues
wiy lothunlinsgsinannsadflagds Response
Surface Methodology (RSM) @519WUUS18999714
adinenan3lagldaunsBadu (Linear model) Lito
BBUIANNANNUSTEVIN ANAAINNIYTEEN
Sudafudadefivhnsfne fe Ysuiadiana
(X) JFueunsa (X) lagUIunananu (X)) RGN
Lanem1597l 6 iehaunisTinsatuvenuss
Fawndrenea LATATLULNSNARDUANLYOU
meUszamduiann ms1edl 6 wnadensvaeu

o

13 (Contour Plot) lngfiansananizamanyn

Fusand Snvadang eduda uazeumeu
Tngsa fagui 1 (0)-a) anuiinsidouiu
f'ful,ﬁamﬁyuﬁiuﬂﬁﬁmLﬁaﬂqmﬁmmzau fagu
# 1 (@) wavihmsi@eniiuiindezuuunnurey
1NN 5.5 (veulantes) WulnasilunisAniden
fudiimnzaunudn aumnzauveiuna

v '
° a

WM n3egR3n wazinaiy tugnsdalueuru
fugu Tneduinuthmaglurasiosay 40-70
YSinansadesnagly 9aedeuay 0-5 wazUSunu
wedueglutisiesas 30-55 daldaunsiinsadu
Aldanmnsaliiiovuneanuduiusvesdiunay

sodnuuzAuN RISl [14]

A5 6 AUNTINTATUVRINSWAWTEIVBUAE TavIR anwaizUIIng anvazilleduda LazAuYey

1A859UVBINALUBDTTHY

Dependent variable ; y Predictive Model R®

LLSﬂﬁﬂmﬁmﬂJaﬂLﬁ]ﬁ (Adhesiveness) = 975.97*><1 +680.06* ><Z+725.44*><3 0.93
8 (Taste) = 57 +5.7% +4.9%x 0.90
dnwaugUsng (Appearance) = 5.28% +5.12% +5.24"x 0.90
Snvailoduita (Texture) = 501" +4.57% +4.69"x, 0.91
AuvaUlaesau (Overall liking) = 515" +4.99"x +5.13%x, 0.88

wnewe x = Usinauhna x, = Usinmnse x,= Ysinasnadu
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AemosLaniIA A) 0.49
ANd

L* 30.4

a” -1.4

b* +11.2
@mmmﬁaé’mﬁa

Adhesiveness (g.sec.) 945.11+18.26

Hardness (N) 562.56+11.21
Cohesiveness 0.85+0.02

Gumminess (N) 452.12+14.26

23AUTTNOUNINLAI]
Aty (¢/100¢9) 9.35
181 (¢/100g) 1.79
Tagiu (g/100g) 1.08
1UsAu (g/100g) 1.82
Aslulaisn (g/100g) 85.96
1hana (g/1009) 35.45
Tfiea (g/ke) 3.42

3.3 AMATNNINNIBAINLATDIAUTENDY
\niivawdndneiiaiusduruduwu
Sugavin
mamﬁmﬂﬁﬁaLU@?LLNuﬁuLLUUﬁIﬁﬁ@mmW
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fuseBamilervessa wilen NYUAIR Lazed

UszneunnuaiivewdnSasiiaueIwrusuluy

v

ildann mManaaes wudi duienags Yaeliien

A WU 0.49 fans1eil 7 FeTauedunudnan
Wuemsui ﬁiﬁwé’dmugﬁ wiotfuemsfiden
ﬂ%u’lmﬁﬁmwﬁ;'} (Low Water Activity Food)
BN A Youndn 0.6 fiAuBu (Moisture Content)
Yoy (sninfevas 15) Wietesfunazaiuau
QaunIdivinliewnaidomds v 31 Bad woy
wuaitide [9] sulfaluedusuaiunsatiuly
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= I3

witetinasfulufiuds iesnwinuainuas
Feafusnuluussyiasifivnzan wazauau
AuFuduing (Relative Humidity) Tiauite
dosfumagaingy

4. a3
AswAnndnsusidauesunulduataues
fiflszoznagn @iedevay 100) wielwilsaninu
5353 Inellusnsrdruiosavedseth 70:30
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gannyd LLazmﬂmiﬁﬂmqmﬁmmsamm
wAnAtusisTaLUeTuHY WU grsiilauniseensu
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Jowar 40-70 Usuaunsadesnaglu 9isdeeay 0-5
warUTua wadueglugieiesay 30-55 ve9
Ymidaunausau 46.5 nda Taeildnemeiuen
A3 0.49 Ynamnuiudesay 9.35 Taetmin
Wi Fefiorndundndusiomisuis Imsg_jmsﬁ
wnzananauislunditavildduuuamelu
msauRanSusnaliinevlaununely
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