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Research Title: Production of squid ink powder for food service industry

ABSTRACT

The objectives of this study were studied on optimum condition of temperature and time for
drying in producing squid ink powder, acceptance evaluation and shelf life. Squid ink of
cuttlefish (Sepia pharaonis) was dried using a tray dryer at different conditions ranged from
temperature at 60, 70 and 80°C and time for 5,7 and 9 hours. The Response Surface Methodology
with Central Composite Design was applied to determine the experiment while investigated
responses were water activity (a, ), moisture content (MC), water absorption index (WAI), water
solubility index (WSI), rehydration ratio (RR), color (L*) and percent yield. Drying temperature
appeared to have significant greater effect on quality of squid ink powder than the drying time.
The optimum condition of tray drying condition in squid ink powder production was found to be
temperature of 80°C with drying time of 5 hours. At this optimum point gave the predicted values
of water activity (a,)0.08, moisture content (MC) 1.87%, water solubility index (WSI) 8.45%,
water absorption index (WAI) 2.7 g/g, rehydration ratio (RR) 2.78, color (L*) 37.3 and percent
yield 39.26. In case of acceptance evaluation, it was found that the product was accepted from
100% of testers. The products packed in aluminum foil bags could be stored at room temperature
(30£2°C) for more than 12 weeks with no indication of yeast and mold growth. The total plate

count was within the standard of food seasoning powder.

Keyword: Squid ink, Squid ink powder, Tray drying, Response Surface Methodology
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2.10 IEMINUNAIND VA UBS (Response Surface Methodology) (’e)‘lg’s'ﬁi LL%Q"]?@, 2552)
F
a I as
ABMINURINDUEUDY (Response Surface Method, RSM) (HuUmsuaaInsadumnunig
~ 3 I 4 o o ¢ & o ’
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s { : o 7] L v o o o o t ¥
ausneauls Badludualsdu, E = error term v03n1uduN U 1S oW enTuvnsdLalsivatl
Unldaun1sa1auNnils (First Order Model) %3 0a1A15 819 UN 04 (Second Order Model) ©3®
\ o (Y aad o w §
33 WA [uflon (Polynomial Model) tHufoTure TasT5maaddnldfe 5 asdosiition
~ x ' a ol L A =t '
M1g@ (The Least Square Method) tiailszuinmiveswisdinesaie q Taedsdvunld5ona
fitted response function : Y =bg+ b, X+ ...+ b, X_
w J o3 . 9 A &2 a1 A ' ~
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Y o [ o a a v da 9 s
doannoinuszavvestateaeulyl wnuniwaeusivatsuuuaenndessuTuns
0a008M1A529800'18 19U Mound-shaped, Stationary ridge, Rising ridge, Saddle TRuHUATHN
o A 9 | aa o 1
ADUNITNAF U WUNUNIN 3 TA (S8nI1 Surface Plot
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qasg HAZNTZUIUMITNUTIBIMITNA8%TiA 1971 07 pistachio (Kahyaoglu, 2008), ¥1{1 (Pua et

al., 2007), FUNS9 (Bren and Kaymak-Ertekin, 2007), 1Uu2n8n (Erbay and Ieier, 2009)

2.10.1 YunouluNIsH RSM (mg’ffm LL%’ﬁ?ﬂ, 2552)
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a J o . R o i {
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2.10.2 M3100NN531009 (model selection)
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@ g’/ a Ld 4 1 Qs a £ w
Order Model) a391nUN3 s 19msInsziaumsnaaseiiotssanaaduilseansveedaus
NNA U LTI
E4
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=Y 9 =3 a4 U .
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L 2 R
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-m3ldunaneSoa 2 52U (2-Level Factorial) Av93¢33lums Iduuusiaes
LYY 5 1 s & 1 LY Qs
BUAUNHY (First Order Model) 31zez luaulanninduwagasznitelasondn (Cross
& . 1 ! v d 9 =2 R jana v w o
Product 1139 Interaction Term) A339zu lanTagumihwndnu ludugas enduiusnu
2.10.3.2 uuumsnaaesdmsulduuusaeiduaD 2 (Second Order Model)
-manaasumanaen 21y CRD or RBD Fevzsaunagusznieilase
¥an (cross product)
= k
-msnaaesnaneisea 3 lu CRD or RBD
-MsnaaosunaneiSeau1eaIulu CRD or RBD
-Rotatable Design
-Central Composite Design
-Box-Behnken Design
-Mixture Design

M399N13NAABIULLY Rotatable Design, Central Composite Design 5100190

ae
e

Rotatable design

< P @ 1 =
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s o I~ 1
0:ARNY, -LANNINanounaANeFea 2 Ynow 11U rotatable uAnIINAABIHANDT IR 3F U1

=N 7 { g
wilaiuuiii Rotatable Design

MIAIUIN 2-Jevel coding
LYIANRRUDITLAD (avg)
2. 119154 A19UBITEAY (Mid): Mid = (upper level — lower level)/2

3.Code 52AUUDI19Y Code level = (tare level — avg)/Mid

Central Composite Design (CCD)
o L 1 o vay X A g 3
Li]uﬂ'lﬁ‘ﬂﬂﬁﬂﬂﬂlwuﬁﬁﬂﬂﬁ'EN531’7'3'1\153ﬂ‘lJ‘Ui’N‘ﬂi]"l]fJGl,“rTﬂJ'lﬂ‘UuLW@ﬂ@\'iﬂ']inl*]f
° @ W a dq oy v a ' W & d ¥ @ 2 ac Y A
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v ] ]
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Y 2 1 1 o =S ¥ 1
nanniuguusiazTeananes lddudasniisnaass Sr1uudanaaesisnua @) axdia = 2*

1/4
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4
urlaneiden 2, A1 F =4) CCD H191iu rotatable design A28

¥

dyn o o @ o A Y
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A = L o ¥ = r & Y a
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: < ! o Lo ' ar x
Centered Central Composite Design H99fiu18 11 uszau luusazdesorziioondll Faag
1 o a ] o 1 o o/ Y 1 v Qs
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2.10.4 MIMANANIBNUNTINIZ TN (Optimization) 1nel¥ Desirability function
. B ’d a 4 v Y .
Desirability HaAFunuaa Iay Harrington (1965) #®31 Derringer 1401¢ Suich (1980)
o o o a é’ - N . o ol 5 < !
TdhumhmswannmslFaumuiu (Lazic, 2004) Taga1 Desirability Fadlumanuitonely
= @ P 1 T o I~ [ 1
voandnfain lulmiae awnseduaunendluday o viefiagmnouaues (Response) Tay
9

amnsounyladae di Taws Desirability vouaazAmoUauazialdnud 0 891 uay

° ' o r v 9 ) (=] 1 R a2 ' £
A3 IUINIWNUVBIUADZAIMB VAU 32 Tanansulnaidluat D Fefiadaud 0 89 1

1B A1 Desirability function 31samuIa ldanauns

# i/n

b= | de”

« .

J { o o oo Y
AUIATF1UVBY Desirability NFuWUTAUsZAUAMURIne 1 uazganInves
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A15199 22 WIATFIUVBIAT Desirability AuUTAUszAUANNAWe launzguaInves

HARAwa
Standard estimates Desires Quality of product
1.00 Excellent ~ The ultimate in satisfaction or quality and improvement

beyond this point have no appreciable value

1.00-0.80 Very good  Acceptable and excellent. Represent unusual quality, or
Performance, well beyond anything commercially available

0.80-0.63 Good Acceptable and good, represent an improvement over the
best commercially quality, the latter having the value of
0.63

0.63-0.37 Satisfactory ~Acceptable but poor quality is acceptable to the
specification limits, but improvement is desired

0.37-0.20 Bad Unacceptable. Materials of this quality would lead of
failure of the project.

0.20-0.00 Very bad  Completely unacceptable

a1 : Lazic (2004)

2.11 mythszidiumsaeniududlnafithy (Home Use Test-HUT)
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4 a 4 = 1
A151991 4.4 myuneianuLsswvesgungl uaznm lumsenudsitinadonmnin

UYBIANHNN
F-value
Source
df a, Moisture  Solubility Absorption Rehydration Color (L¥)  Yield
Model 5 49.07%FF 137.43%k% 1337k 1079%*  4029%%k G 70% 9.32%%
A-temp 1 193.71%%%  G11.11%*% 63.57%%% 53 20%%* 188 50%** 428 31.9]%*x
B-time 1 45.83%*  61.10%** 177 0.21 11.00%* 5.18 13.16%*
AB 1 527 6.02%* 0.44 0.17 0.19 8.84%* 0.71
A 1 011 8.75% 0.67 0.37 1.5 10.71* 0.72
B 1 0.8 2.18 0.081 0.056 0.005 0.5 0.0003
Lack of Fit 3 2.48 0.96 6.01 0.27 1.2 1.29 0.67
R’ - 097 0.99 0.91 0.89 0.97 0.83 0.87
* Significant at p<0.05. ** Significant at p<0.01. ***Significant at p<0.001
19197 4.5 aumsfimuennms s fiineudues
Dependent Values Models
a, 1.81-0.02%X,-0.13* X,+0.001* X, * X,+0.00004* X,*+0,002* X * 6))
Moisture 76.38-1.377* X,-0.97* X,+0.02* X, * X,+0.006* X,*-0.08* X’ 2)
Solubility 11.76-0.24* X -0.74* X,+0.008* X, * X,+0.002* X, *+0.02* X’ (3)
Absorption 1.36-0.08* X,+0.03* X,-0.001* X, * X,-0.0003* X *+0.003* X’ @)
Rehydration 1.76-0.02* X +0.09* X,-0.0006* X * X,+0.004* X,*-0.0006* X,’ 5)
Color (L*) 65.10-0.69* X -1.35% X,+0.02* X, * X +0.004* X,"+0.02% X” (6)
Yield 60.69-0.41* X-0.81* X,+0.008* X,* X,+0.002*X,’-0.001* X,’ (7

WYY : X, = Temperature, X, = Time

4.2.1.3 mmsazany !!a$ﬂ1§@ﬂ°ffJﬂﬁ1 (Water Solubility Index and Water Absorption
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a 1 . . 2 Jd aw ° ' Y
1¥n13#91500191071 Desirability Fafluiedduiminisoannsosmuamwesgudnuusda
uilsaundesms I8 15w gege sga wioeyluseifidimua (Deringer and Suich, 1980) i
fnuarvesmasuayesiinaniningunginasnafildlunseundsdniin amise

muweaneimnzaulumsiudsdniinld aaaasluaisiafi 4.6

Ci o = o Y a4 =R
119141 4.6 ﬂ']'ivnu']Uﬁﬂ']'331/]quqzﬁuﬁluﬂ'ﬁﬂ’lln’mﬂﬂuﬂ

Optimization of drying condition

Response variable Predicted Actual
Goal Lower Upper Weight Desirability
Responses  Responses

a, In range 0.03 0.31 1 0.08 0.07 1
Moisture (%) In range 6.63 10 1 7.87 7.91 1
Solubility (%) Maximize 5.38 9.20 1 8.45 D 35 0.93
Absorption (g/g) Maximize 2.10 2.72 1 2.70 2.66 0.99
Rehydration Ratio Maximize 2.18 2.89 1 2.78 2.82 0.95
Color (L*) Minimize 36.85  38.33 1 37.30 37.18 0.84
Yield (%) In range 38.50 41.49 1 39.26 39.40 1

Solution: Temperature 80°C, Time 5 hrs.

Composite desirability = 0.86

A o d' o Y = =1 d‘ o
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Y a & Aa . . . 1 o v g A 1 T
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NMANUIN A 2 (71D)

Your opinion about cooking with squid ink

NAME. ...ttt s Tl
1. Gender O Male O Female

2. Age O30 yrs. And under O 31-40 yrS. 0 41-50 YIS. Os1 yrs. Up

3. Occupation / Position............................ Work Place (present)...............covveiveeuennaeeennnnn .o,
4. Work experience in Food industry................c.c......ooiii Years

5. Education O rhp. O Master degree O Bachelor Oothers......cccoom......
6. Nationality / REGIONAL.........vuuuvueeseieiiriemseemeeeeseesesssessesssesessss oo

7. In your opinion what are the good characteristics of squid ink? (such as taste, color, texture,
convenient product and etc)

8. Have you ever made any squid ink dish? (You can choose more than one)

O Yes. Pls. identify the:menu / dish. ...........ooco...oe oo oot
Onoff igy . €4 e (O V. ok W AR) A X2\
9. What kind of squid ink do you usually use?

O Fresh from T TR . 101 1) (o oSO Brices=. B0 ...
O Insielit. Sm..... " L £1IN & 0 SECSTE OAEEEEED .7 1A N Price ..o,
O Frogeq)..2,. 20 YN 3 SOWEE. ... od.... L\ oed |yl Price......covvrmrinerininnnns
O otherqy\ A . N A e V& AL 20 B Jf

10. What do you think about prepare your own squid ink? (You can choose more than one)

O I have no problem with that.

O Not easy to get the ink, squid using in food service been processed and delivered without ink sack.

0 Dirty, messy and use lot of time to prepare and clean the place.

O Amount of ink from each squid is inconstancy and it is difficult to prepare the daily raw material.

O Fresh squid ink needs to be stored in freezer and thawed before use.

O OtHTS oottt

11. Does black stain affect your customer decision in having squid ink dish?

O Yes ONo
12. Do you agree that food powder give the convenient for your cooking?
O Yes ONo

13. Are you interested in testing squid ink powder for cooking?

O Yes O No
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NMANNIN A 3 (FD)
Consumer Acceptance Testing of Squid Ink Powder

How much do you like or dislike this squid ink powder (score from 9 > 1)

9 = like extremely 6 = like slightly 3 = dislike moder
8 =like very much 5 = neither like nor dislike 2 =dislike very
7 = like moderately 4 = dislike slightly 1 = dislike extremely
Attribute How would you rate this product?
9 8 7 6 5 4 3 2 1
Convenience
Color
Sense
Taste
Texture
Overall liking/Acceptance

Opinions after testing and opinions about ideas of product

1. What menu did you test squid ink With? .........ocouiiuereeiimieees oo seeesssseoeoeseses e eeeeeeee e
2. After testing, how would you accept the squid ink powder product? O acceptedO not accepted
3. What packaging do you want to buy? (for food service)

O aluminum tin O aluminum foil bag O plastic box 0] glass jar

O individual aluminum foil sachet for 1 portion (same as instant coffee)

4. How many amount of squid ink powder per unit you want to buy? ( for food service )
O3Kg. O2kg. O1Kg 0O s00g. O200g. O100g
5. The reasonable price you wish to buy for squid ink powder 200g. (as sample)

O under 50 B. O 50-99 B. O 100-199 B. O more than 200
B.6. If there is the squid ink powder in the market, will you buy?

O No. Because..-. ..........
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Title Optimization of tray drying condition in squid ink pewder productien

Author:  Arunotai Ovadhana, Tongchai Puttongsiri

Food Service and Catering Technology, King Mongkut’s Institute of
Technology Ladkrabang

Abstract

The aim of the present study was to determine the optimum condition of
temperature and time in producing squid ink powder. Squid ink of cuttlefish (Sepia
pharaonis) was dried using a tray dryer at different conditions ranged from
temperature at 60, 70, 80°C and time for 5, 7 and 9 hours. The Response Surface
Methodology with Central Composite Design was applied to determine the
experiment while investigated responses were water activity (ay), moisture content
(MC), water absorption index (WAI), water solubility index (WSI), rehydration ratio
(RR), color (L*) and percent yield. Drying temperature appeared to have a greater
effect on quality of squid ink powder than the drying time. The optitmun condition of
tray drying condition in squid ink powder production was found to be temperature of
80°C with drying time of 5 houss. At this optimum point gave the predicted values of
water activity (a.)0.08, moisture content (MC)7.87%, water solubility index (WSI)
8.43%, water absorption index (WAT) 2.7 g/g, rehydration ratio (RR) 2.78, lightness
(L*) 37.3 and percent yield 39.26. Therefore, base on the moisture content and water
activity which were considered to be the fmportant criteria for qualities of food
powder product the results showed that the optimizing solution of drying temperature
and time had good quality products when compared with standard qualities of
seasoning powder (Thai community product standard NO 494 12547).

Keywords: Squid ink, powder, tray drying, Response Surface Methodology

»

Introduction

Squid ink is one of the traditional ingredients for Italian and Spanish
cuisines. Fresh squid ink are however difficult to find and prepare due to most squids
in market were pre-cleaned with any of ink sack remain. The black stain and highly
perishable are also the inconveniences in preparing the squid ink. Squid ink in powder
form provides a near complete solution to these problems. Development of instant
squid ink as powder was benefit not only to increase the convenient of preparation i
food service industry, increase shelf life storage which will give advantages for
packing and transportation in the long distances but also may lead to its reuse and
reduce the waste of a marine resource.

In Thailand, squids are one of the most significant fishery products of this
industry second only to the prawns. Thailand is one of the largest squid producers and

» .
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exporters in the world. In 2011, Frozen squids and processed had been exported at the
amount of 67,000 tones which generated revenue more than 10 billion baht (TFFA,
2013). Processing of fresh squids requires cleaning by eradication of entrails and ink
sack. These by products are generated in great amount and thrown away as waste
which create pollution into the environment if not managed well enough. Costs may
be occuired in treatment of these wastes.

Squid ink has been a subject of study for a variety of reasons. This
research is much different from what were studied by many researchers around the
world. Most are related to functional properties such as anti tumors activity (Takava et
al., 1994; Sasaki et al., 1997, Naraoka ef al., 2000) and antimicrobial activity ( Peruru
et al., 2012). To the present, although pharmnacological roles of squid ink have been
studied by researchers for many years, this marine material is still discarded.
Nowadays, squid ink is not in general used in industrial applications. To raise the
economic value of squid ink, the production of high value product from squid ink
needs to be studied. Squid ink powder is one of those products because it can be used
as a main ingredient, partially or component in many food service and food industries.
However no literature mentions the squid ink is taken into account for food industry.

Drying is one of the oldest methods of food preservation. It provides a
high degree of microbiological and chemical stability due to the removal of water
present in foodstuffs (Bonaui et al., 1996). Heated air drying is the most commonly
employed commercial technique for drying biological products. At the same time, it
causes a series of changes in the material. The effects of drying conditions on product
qualities need to be investigated for the desired quality products. Large quantities of
different materials using tray drying information are available by many authors such
as onion (Mazza & Le Maguer, 1980), water chestnut (Singh et al., 2008), beriberi
fruit (Berberidaceae) (Aghbashlo et al, 2008), egg powder (Kwmaravel er al, 2012),
Nam-prik-ong (Northemn Thai Style Tomato Spicy) (Deesanam, N. et al., 2555), Ma-
kok (Spondias pinnata (L. f) Kurz.) powder (Uttarachon, XK. er af., 2555), fiber
powder from tomato (Suklampoo, L. ef af., 2550).

Optimizing the processing operations should be performed in order to
reconunend best conditions for drying resulting in a superior quality product as well
as maximizing through put capacity and reducing processing costs. RSM was found to
be a useful approach and it should be recommended that this methodology be adapted
to all optimization studies (Madamba, 2002). The effectiveness of RSM in
optimization of processing conditions in food technology from raw to final products
has been documented in the literatures (Gan er al., 2007; Madamba, 2002) and it has
been successfully applied to many food process modeling and optimization problems.
Kahyaoglu (2002) used RSM for optimization of the pistachio nut roasting process,
Pua er al. (2005) also obtained predictive models for production of drum-dried
jackfmit (drtocarpus heterophylls) powder with different concentration of sQy
lecithin and gum arabic. Eren and Kaymak-Ertekin (2007) used RSM for optimization
of osmotic dehydration of potato. Similarly, Corzo ef al. (2008) reported the optimumn
of a thin layer drying process for coroba slices could be found using RSM. Erbay et
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al. (2014) also used the RSM for the optimization of spray drying process in cheese
powder production.

Objectives

1) To investigate effects of drying conditions in a tray dryer on quality of
squid ink powder.

2) To determine optimum the tray drying condition in squid ink powder
production.

Research Methodology
1. Raw material

Ink sacs of cuttlefish (Sepia pharaonis) were obtained from local marine
processing wholesaler in Mahachai, Samutsakhon, Thailand and transported to
Bangkok by refrigerated truck under 4 °C and stored under -20°C. Frozen material
was thawed by placing in a refrigerator under 4 °C for 24 hours before use.

2. Tray drying operation

Squid ink was carefully squeezed from the ink sacks. Ink sac and other
entrails were not used. An amount of 600 grams of squid ink was spread in a thin
layer (0.5 cm) onto the aluminum tray (37x50x1.5in) which covered with
polypropylene (PP) sheet. The squid ink was dried in a laboratory-type tray drier
(Progress Electronic, Thailand). The drying air velocity was regulated by an axial
flow fan and fan speed control unit. The air was heated with an electric 10KW heater
placed inside the duck, and air temperature was controlled by a heater power control
unit. After drying the ink flakes were allowed to cool and weighed for percent yield
then ground into powder to a fine powder using a heavy-duty analytical mill (IKA
M20, Germany) and packed into a sealed aluminum foil bag for further investigation
and analyses. From results of preliminary experiments have allowed choose of factors
affecting response variables and determinafion of their ranges. Drying experiments
were catried out at a drying air temperature range of 60-80 °C for a process time
range of 5-9 howrs. Three replications of each experiment were performed.

3. Physical and instrumental analyses

3.1 Water activity Aw of the samples was determined in 5 g powder
samples, tempered at 25°C, using a water activity meter (AquaLab Model Series 4TE,
USA). Tlree measurements for each sample were performed and average value is
reported.

3.2 Moisture content To determine the moisture content, powder
samples of 3 g were placed in pre-dried aluminun cans and weighed according to
AOAC Official Methods of Analysis (2000). Moisture was calculated as the amount
of water removed after drying at 105 °C until the final mass was reached. Three

L)
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samples from each trial were used for the moisture determination and the average
moisture content is reported.

3.3 Water absorption (WAI) and water solubility (WSI) WAI &
WSI were assessed as described by Anderson er al. (1969).Each powder sample of 2.5
g was suspended in 30 ml of distilled water in a pre-weighed 50 ml centrifuge tube.
The suspension was shaken with a shaker machine at 200 tpm for 30 min at room
temperature and centrifuged at 3000 rpm for 10 min. The supernatant was poured
carefully into a pre-dried and pre-weighed evaporating beaker. The WAI was
calculated from the weight of the remaining solid and expressed as gram per gram of
original (2.5 g) solid. The WSI was calculated from the weight of dry solids recovered
by evaporating the supernatant for 15 hours at 110°C and expressed as %. All samples
were analyzed in three replications.

3.4 Rehydration ratio (RR) RR was assessed as described by Subadra
ef al. (1997). Each powder sample of 2.5 g was suspended in 100mL of distilled water
in a 250 ml beaker covered with watch glass. Then were heated by hotplate to boil
and continued boiling for 5 minutes after that centrifuged at 3000 rpin for 10 min. The
supernatant was poured away and the remaining solid was weighed for rehydration
ratio.

3.5 Color measurement (L*) L* color measurements of squid ink
powder were performed using a Minolta CR-400 reflectance colotimeter {Minolta,
Japan). To obtain representative color of the samples, a sample of 15 g of squid ink
powder was putin a 3 x 5 inch diameter clear polypropylene (PP) bag. The lens of the
colorimeter was directly placed on PP bag contained squid powder to measure the
color values. The L* values were measured at ten equidistant points and the average
values are reported.

4. Experimental design, statistical analysis and optimization

The response surface methodology (RSM) with central composite design
(CCD) was applied to detenmine the experimental design and to optimize the
condition of time and temperature using in the drying process. The central point of
design (0, 0) was repeated five times to calculate the reproducibility of the method.
The effect of two independent variables on the squid ink powder properties was
modeled using the second-order to fit the response. The second-order model equation
used to fit responses follows Lazic (2004).

Y= Bot PiXa+ BoXotPriX i+ ﬁszzﬁ‘ﬁleXz

Where Y is the predicted response value (water activity (aw), moisture
content (MC), water absorption index (WAI), water solubility index (WSI),
rehydration ratio (RR), color (I.*) and percent yield.), X1 is temperature level and X2
1s time level, B0 is a constant value, By and B, are linear terms, P11, P22 are quadratic
tetms, and By, is an interaction term. Design-Expert 7.0.0 trial version (Stat-Ease, Inc.,
MN, 2005) was used to fit the model, draw contour plots and determine desirability.

During optimization of industrial processes, several response variables
describing the quality characteristics and perforins measures of the systems are
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usually to be optimized. Some of these variables are to be maximized while some are
to be minimized. In many cases, these responses are competing, i.e., improving one
response may have an opposite effect on another one, which further complicates the
situation. Several approaches have been used to handle this problem. One approach
uses a constrained optimization procedure, the second is to superimmpose the confour
diagrams of the different response variables, and the third approach is to solve the
problem of multiple responses through the use of a desirability function combining all
responses into one measurement (Eren and Kaymak-Ertekin, 2007).

To predict the optimum of condition in drying process, the Design-Expert
7.0.0 software was applied and the results are shown in Table 4. The optimal level of
response variables was deternined by the desirability with the scale from 0-1.0. The
desirability function was based on the transforming of the measured property of each
response to a dimensionless desirability scale. The overall desirability is calculated as
a geometrical average of partial desirability functions. The partial response is fo be
maximized, minimized, or assigned a target value (Deringer and Suich, 1980).

Results/ Conclusion
1. Model fitting

The RSM with a central composite design was used to generate the
combinations of time and temperature. It was found a total of 13 experiments were
needed for these two factors (Table 1). The response values on water activity (aw),
moisture content (MC), water absorption index (WAT), water solubility index (WSI),
rehydration ratio (RR), color (L*) and percent yield are presented in Table 2.
ANOVA was conducted to determine significant effects of process variables on each
response and to fif second order polynomial models. The linear, quadratic and
interaction terms on the response variables are shown in Table 3. Table 4 shows the
quadratic models of water activity (a,), moisture content (MC), water absorption
index (WAI), water solubility index (WSD), rehydration ratio (RR), color (L*). The
models were found to be adequate, as there was no significant lack of fit (p > 0.05) in
any of the response variables (Table 3). The coefficient values (RZ) of all models
ranged between 83 and 99% indicating that the models could be used to predict the
etfect of temperature and time in the condition of the parameters associated with the
quality of squid ink powder.

2. Effect of temperature and drying time on water activity

Temperature and time had significant linear effects on ay (p <0.001 and p
< 0.01) (Table 3, Figs.la). The increase in temperature and time significantly
decreased ay (Table 4, Eq.1 and Figs.1a).
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Table 1 Central composite experimental design for the independent variables

Run Temp (°C) Time (hrs.)
1 60 5
2 60 7
3 60 9
4 70 5
s 70 7
[ 70 7
7 70 7
8 70 7
9 70 7
10 70 9
11 80 5
12 80 7
13 30 9

3. Effect of temperature and drying time on moisture contain

Temperature and time had both significant linear effects {p <0.001) and
interaction effects on MC (p < 0.01). Furthermore, only temperature showed a
quadratic effect on MC (p < 0.01) (Table 3, Figs.1b). Only temperature appeared to
have a greater effect on MC than drying time. The increase in temperature and time
significantly decreased MC (Table 4, Eq.2 and Figs.1b).

4. Effect of temperature and drying time on solubility and absorption

Only temperature had significant linear effects on WSI and WAI p <
0.001) (Table 3 and Figs.lc, d). The increase in temperature significantly increased
WSIand WAI (Tabled, Eq.3, 4 and Figs.1c, d).

5. Effect of temperature and drying time on rehydration ratio

Temperature and time had significant linear effects on RR (p < 0.001 and
p < 0.01). The increase in temperature and time increased RR (Table3, Figs.1e). The
mncrease in temperature and time significantly increased RR (Table 4, Eq.5 and
Figs.1e).
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6. Effect of temperature and drying time on color (L*)

Temperature and time had significant interaction effects on L* (p < 0.05)
and only temperature showed a quadratic effect on L* (p < 0.01) (Table 3, Figs.1f).
The increase in temperature have a greater effect on L* than drying time. The
mcrease in temperature and time significantly increased L* (Table 4, Eq.6 and
Figs.1f).

7. Effect of temperature and drying time on percent yield

Temperature and time had significant linear effects on yield (p < 0.001 and
p < 0.01) (Table 3, Figs.1g). The increase in temperature and time significantly
decreased yield (Table 4, Eq.7 and Figs.1g).

Table 2 Central composite design and response values

. MC WSl WAI Color Yield
Run  Temp Time Ay ) RR )
(%) (%) ¥ (%)
i 60 5 0.31 1591 5.69 2.10 2.18 37.44 41.49
2 60 7 0.25 14.27 5.80 2.17 2.23 37.53 4032
3 GO 9 0.19 12.91 5.38 222 2.30 37.30 3996
4 70 5 0.22 11.08 6.55 2352 2.36 37.26 39.76
5 70 7 0.13 9.91 6.66 2.57 2.58 37.36 39.35
6 70 7 0.16 10.53 6.59 2.54 2.54 36.85 39.82
7 70 7 0.14 10.65 6.82 2.36 2.46 37.00 39.06
8 70 7 0.13 10.58 6.70 2.33 2.46 37.16 39.97
9 70 7 6.15 10.85 7.29 241 2.50 36.92 39.94
10 70 9 0.08 8.65 8.13 2.47 2.60 37.46 38.87
11 80 5 0.07 7.91 8.51 2.66 2.82 37.18 3940
12 80 7 0.04 7.33 9.20 272 2.32 37.86 38.70
13 S0 9 0.03 6.63 8.86 2.70 2.89 38.33 38.50
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Table 3 Analysis of variance of independent variables on the response variables in
squid ink powder production

F VALUE

Source i

daf Ay MC WSI WAI RR L* Yield
Model 5 49, 17%#% 137.43%%% 13 37%= 10.79%% 40.29%%% 6.70% 9.32%%
Astemp 1 193.71%%%  G11.11%%  §357%%% 53 gp%+ 188.59%%% 428 31.9f%wx
Bime 1 45.83%% 61.10%3% 1.77 0.21 11.00%* 5.18 13.16%%
AB 1 527 6.02% 0.44 0.17 0.19 8.84% 0.71
Al 1 0.11 8.75%% 0.67 0.37 1.5 10.71% 0.72
B? 1 0.58 2.18 0.081 0.056 0.005 0.5 0.0003
Lack of
Fit 3 2.48 0.96 6.01 0.27 1.2 1.29 0.67
R? - 0.97 0.99 0.91 0.89 0.97 0.83 0.87

* Significant at p=0.05. ** Significant at p<0.01. ***Significant at p<0.001

Table 4 Predictive models from the response surface methodology

Dependent Values Models

Water activity 1.81-0.02%temp-0. 13*‘time—!-o.001*temp’l‘u'me‘H).OOOf}--i""tempz+(‘1.0(}2"‘timf.-‘.2 €3]
Moisture 76.38—1.377*temp-0.97*(iu1e+0.O?.*temp*timei—().006*temp2-0.08*time2 2)
Solubility 11.76-0.24%temp-0.74 *ime +0.008 ¥temp*ime+0.002 #tenp™+0.02%time? 3)
Absorption 1.36-0.08%temp+0.03 ¥time-0.001 *temp*time-0.0003 *temp>+0.003 *time? [€Y)
Rehydration 1.76-0.02*temp+0.09*tine-0.0006 *temp *time+0.004*emp®-0.0006*time? 3
Color (L¥) 65.10-0.69*temp-1.Z-}S‘"time-HJ.()T“temp""(ime-i—().OOd*‘temp2+0.Oz*time2 {6)
Yield 60.69-0.41*temp-0.81 *time+0.008*temp*time+0.002*emp’0.001 *ime* )

8. Optimization of drying condition to produce squid ink powder

From Table5, optimization was based on the generation of results that set
in range for ay and yield, in range with upper limitation at 10% for MC, maximized
the response for WSI, WAT and RR, and minimized the response for L*. The goal for
aw and MC were set according to the stand of seasoning powder (Thai community
product standard NO 494 /2547). The desirability function value varied from 0
(undesirable response), to 1(desirable response). The optimum desirability range
proposed by Lazic (2004) was in 1.00-0.80. The desirability values for water activity
(aw), moisture content (MC), water absorption index (WAI), water solubility index
(WSI), rehydration ratio (RR), color (L*) were ranged from 0.84 to 1, while the
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composite desirability was 0.86. The optimum condition of tray drying condition in
squid ink powder production was found to be temperature of 80°C with drying time of
5 hours. At this optinum point gave the predicted values of water activity (ay)0.08,
moisture content (MC)7.87%, water solubility index (WSI) 8.45%, water absorption
index (WAI) 2.7 g/g., rehydration ratio (RR) 2.78, lightness (L*) 37.3 and percent
yield 39.26.

moisture

H
s
AL temp
absorption
i
o
£
s

e Yieid

0.0

A: temp

164]
Figure 1 Contour plots for the effect of temperature (A) and time (B) on : (aywater

activity; (b)moisture content: (c) solubility; (d) absorption; (e) rehydration;
(f) color (L*) and (g) yield of squid ink powder.
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Table 5 Optimization of drying condition in terms of composite properties.

Optimization of drying condition

Response

variable Goal Lower Upper Weight fg:;;f;i(i sttgzlnses Desirability
Ay Inrange  0.03 0.31 1 0.08 0.07 1
Moisture (%)  Inrange 6.63 10 1 7.87 7.91 1
Solbility (%) Maximize 538  9.20 1 8.45 8.51 0.93
i Maximize 210 272 1 270 2.66 0.99
Rehydration Maximize 2.18 2.89 1 2.78 2.82 0.95
Color (L¥) Minimize 36.85 38.33 1 37.30 37.18 0.84
Yield (%) Inrange 38.50 4149 1 39.26 39.40 1

Solution: Temperature 80°C, Time 5 hrs.

Composite desirability = 0.86

In conclusion, the response suiface methodology was a useful tool to
mnvestigate the optimum tray drying condition for the preduction of squid ink powder.
Temperature and time significantly affected the quality of squid ink powder. Both
Temperature and time had linear effects on water activity, moisture content,
reliydration ratio and yield. Only temperature had linear effects on water solubility
and water absorption and showed quadratic effects on moisture content and color
lightness (L*). Interaction of temperature and time significantly affected the moisture
content and color lightuess (L*). Drying temperature appeared to have a greater effect
on quality of squid ink powder than the diying time. The model equation developed
can be used for predicting the quality of tray dried squid ink powder. Based on the
constraints set, o produce a good quality squid ink powder could use temperature at
80°C with drying time for 5 howurs.

Discussion
Water activity, Moisture content and Percent yield

A shelf stable product can be produced if moisture content and water
activity can be minimized during processing. The water activity values from all
drying condition were low and in rage of 0.03-0.31. The moisture confent in the
optimization varied from 6.63 to 10 % by set the constraint of a,, at under 10% due to
moisture can generally increase during storage and this variation was in the desired
range of the quality parameters for a standard of food powder to be considered a good
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quality of seasoning powder (Thai community product standard NO 494 /2547) which
aw must under 0.65 and moisture content under 13%.

Higher temperature decreased a, and moisture of squid ink powder
correspond to several investigators considerable report increases in drying rates
when higher temperatures were used for drying various food and agricultural crops.
These included Mazza & Le Maguer (1980) for onions. Bala & Woods (1992) for
malt, Palipane & Driscoll (1994) for macadamia nuts. Recent studies such as those of
fiber powder from tomato (Suklampoo, L.et al., 2550), N am-prik-ong (Northern Thai
Style Tomato Spicy) (Deesanam, N. er al,, 2555) and Ma-kok (Spondias pinnata (L..
1) Kwiz.) powder (Uttarachon, K. er al., 2555) also reported increased drying rates
when increased drying condition.

The dehydration reaction is usually defined as a chemical reaction that
involves the loss of a water molecule from the reacting molecule water from food
(Bonaui er al., 1996) which affects the weight of food can explain the different of
percent yield in this study. This is due to the fact that more moisture was removed
from the sample during the drying process.

Water solubility, Water absorption and Rehydration

The water solubility indexes in all drying condition were low and ranged
from 5.69% to 9.20% 1night explain by the insoluble components of squid ink which
consists of mineral elements, calcium (Takaya et al., 1994; Zhen er al.,, 2002) and
melanin pigments which are insoluble in both water and organic solvents. (Harki er
al, 1997; Linh Tran et al., 2006; Magarelli et al., 2010). However grainy
charactetistic in fresh squid ink is normal.

Increases of WAI WSI and RR in Increasing drying temperature might be
related to ink structure damage. Anderson (1982) reported that cooking temperature
increased WAT for several grains. Resuits of this study agree with those findings. It
may be suggested that WAT is mainly influenced by the atfmity of the food particles
for water because finer particles form a greater matrix with water trapped into it
(Anderson et al., 1969).

Color lightness (I.*)

Color lightness of squid ink powder became slightly fade when drying at
high temperature. This effect could be due to the reaction of the melanin pigment,
which is present in ink of cephalopods. However, all samples appeared to have a
pleasant color at tested conditions. Not only browning reaction but fading of color in
dehydration product due to changing of their chemical structure also were normally
found. Pigment retention in dried foods decreased as temperature and moisture increased
(Krokida ef al., 2010). Masuda ef al. (1996) reported fading of muscle color by heat
processing of Fall Chum Salmon, Jayaraman and Das Gupta (1995) reporfed fading
of carotenoids are susceptible to oxidative changes during dehydration due to the high
degree of instauration in their chemical structure,
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Optimization

From standard estimates on desirability scale by Lazic (2004), the
composite desirability of optimized drying condition in squid ink powder production
at 0.86 is in the 0.8-1 (very good, acceptable and excellent, represent unusual quality,
or performance, well beyond anything commercially available).

Economical Processing

The eventual consamption of a finished product was tested by Italian chefs
and received excellent feedbacks, Oven drying or tray drying is recommended for
production of squid ink powder as an ingredient for food service. Oven drying has
been commonly used in small and medium industry with affordable price and
instrument. The drying process in this study has been aimed to produce the squid ink
powder without any complications in production , neither food additive nor drying
aids are needed and it challenges low cost apply with the available instrument. These
small and mediwm industries especially in rural area will then be able to manufacture
this squid ink powder with affordable investment.

Recommendations

1. The squeezing process needs to be careful not mixed up the ink liquid
with the entrails. Only ink liquid is used for the pleasant sense of product.

2. Consumers are becoming more educated about the nutritional value of
foods and have start changing their food consumption life style. They are now
choosing foods rich in nutracenticals, dietary fibers, natural colorants, minerals and
vitamins, low in fat, and fiee of synthetic food additives. The further study of
functional property of squid ink powder produced from different pracesses and
different kinds of cephalopod could create the new functional food ingredient in
various food systems.
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