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Research Title:  Production of.squid ink.powder for food,service industry
Researcher: Tongchai Puttongsiri

Faculty: of Agrp;Industry. Department:  Food science

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 (aw), 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 (aw0.08, moisture content (MC) 7.87%, water solubility index (WSI) 8.45%,
water absorption index (WAI) 2.7 g/g, rehydration ratio (RR) 2.78, 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 mofe 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
2.1
(shell)
(shell) (arm and tentacle) 8-10
(sucker)
phylum Mollusca, class Cephalopoda class phylum
class 2.sub class (Firth, 1969)
2.1.1 Sub class Nautiloidea — Tetrabranchia sub class
10 oy (lens) genus Nautilus
2.1.2 Sub class Coleoidea — Dibranchia sub class
8-10 1 (lens) (shell)
2 (order)
Decapoda 0 \\ ¥ F5 v 39)
(squid) (cuttlefish)
(common cuttlefish) (belemnttes)
Octopoda 8
(octopus)
2.2
( 4 AN, R3]
221 (squid)
2.1
4
- Loligo chinesis ( )
- Loligo cluvauceli ( )
- Loloigolus (Niponololigo) sumatrensis ( )

- Sepioteuthis lessoniana ( )



(2536)
2.2.2 (cuttlefish)
2.2
6

- Sepiapharaonis ( )
- Sepia aculeata ( Needle cuttlefish)
- Sepia lycidas ( Kisslip cuttlefish)
- Sepia recurvirostra ( Curve spire cuttlefish)
- Sepia brevimana ( Short club cuttlefish)

- Sepia inermis ( Spineless cuttlefish)



buccal
membrane"
mantle
stGliorar.,
r?ndeéaﬂy
'spine m%gfbg
ventral view cape A _m
tentcculor cltib .(Or I‘OStI'Uﬂ"IR ..
ventral view 0 tcrol view
2.2 (cuttlefish)
- (2536)
2.2.3 (octopus)
2.3 5

- Octopus membranaceus
- Octop&s dollfusi

- Octopus aegina

- Cistiopus indicus

- Hepcilochlaenci maculosa



2.3,

(

2.3

(Sepiapharaonis)

10-110

2551)

(cuttlebone)

2.4

(2536)

30

(octopus)

42



2.4

241
242

243
(chitin)
244

245
)

246
247

(ink sac)
248

2.4
(2551)
8 (  .7005-2548)
(whole round)
(whole cleaned)
(tube)
(fillet) 3
(head)
(
(wing)

(octopus ink off)

(octopus qutted)

(ink



2.5

(Squid Ink)
(ink sac)
nautilus, finned octopus
2.1
(sphincter) 1 2.5 sphincter

(Nesis, 1987)

: Piattelli (1961)

7492 1541 6.33
315 0.19 (Liu et al, 2011)
21



21 !
74.92
(Melanin) 1541
(Protein) 6.33
(Polysaccharide) 3.15
(Lipid) 0.19

: Liu el al (2011)

(Antibacterial activity)
(Gastric juice secretion activity)

Peptidoglycan
(Antitumor)
Peptidoglycan
(Intraperitoneally) Peptidoglycan 3
Peptidoglycan
(Immune-mediated path)
100 10
Peptidoglycan
( , 2554)
(melanin)
(tyrosine) sepia
(tyrosine) (melanin) (Piattelli, 1961)

2.6

(melanin)



10

tyrosine DOPA »DOPA quinone - > DOPA chrome
ela.mil 4—————5,6-indolquuioae 4 5,6-ctiOTtyindole
2.6 tyrosine  melanin

: Piattelli (1961)

(tyrosine) (melanin)
1 5, 6-indolquinone DOPA 2.1
(Yukio,1980)
DOPA Indol 5,6 quinone
2.1 DOPA indol 5,6 quinone
- Yukio (1980)
2.6 (Drying)
(Water activity, a | 0.70
15-20

(  2540)



( 1 2526)

2.6.1 (Tray Drying)
(Tray Dryer)

( . 2555)

(Zhang et al., 2005; Benero et al., 1972)

(Heater)

10

(Bassey, 1981)

. 2535)



2.6.2 *
(2555)
1
(Tray dryer)
10 [ 0.6
19
1.92-9.07 0.51-0.58
(p<0.05) 0.5
0.6-0.7
) 1:2
(2550)
55 6
(2540)
60
4
55-57
(2545)
60,70 80
70
(2556)
50
(10-12 )

(vacuum pack)

0.5

10
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U

, 2550)
(aluminum foil)
1
( , 2555)
28.1 (aluminum foil)
0.15 3
1



2.9

(semi-right form)

1 2538)

%

(vacuum packaging)

(flexible form)

1 2549)
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(2553)
4
2.10 (Response Surface Methodology) ( , 2552)
(Response Surface Method, RSM)
(Response)
(Contour Plot)
(Optimization)
RSM Y=f
(X, x2 ., XK+ E Y (Response) Xy X2 ..., X
, E = error term
(First Order Model) (Second Order Model)

(Polynomial Model)
(The Least Square Method)
fitted response function : Y = b0t b(x,+ ... + bnXil
(Series)

1 Mound-shaped, Stationary ridge, Rising ridge, Saddle

| 3 Surface Plot
RSM
RSM
pistachio (Kahyaoglu, 2008), (Pua et
al., 2007), (Eren and Kaymak-Ertekin, 2007), (Erbay and leier, 2009)
2.10.1 RSM ( , 2552)
2.10.1.1
2.10.1.2

2.10.13 Surface Plot



2.10.1.4

2.10.1.5

2.10.1.6

2.102

(Model)

2.102.1
Order Model)
210.2.2

Surface Plot
( , 2552)

2.103

Factorial)
Behnken Design

2.103.1

i

(Optimization)
(Validation)

(model selection)
RSM

(Full Model Technique)

(First Order Model) (Second

(Reduced Model Technique)

Stepwise Technique

RSM
(Fractional
(Rotatable design), Central Composite Design (CCD), Box-
(Mixture Design)

1 (First Order Model)
2k CRD or RBD
2k alias
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I 2 (2-Level Factorial)
(First Order Model) (Cross
Product Interaction Term)
2.10.3.2 2 (Second Order Model)
I 2k CRD or RBD
(cross product)

I 3k  CRDorRBD
I CRD orRBD

-Rotatable Design
-Central Composite Design
-Box-Behnken Design
-Mixture Design
Rotatable Design, Central Composite Design

Rotatable design
code value (+1:
0. L) 2k rotatable o3k
Rotatable Design
2-level coding
L (avg)
2. (Mid): Mid = (upper level - lower level)/2
3. Code Code level = (tare level - avg)/Mid

Central Composite Design (CCD)

2k coordinate



code level ta m 0, 0, 0,.0)
() = 2k
+2k+m < 3K a =FUF-=
22, F=4)CCD rotatable design
CCD
a
(Orthogonal)

a a =

23 , Design Face-
Centered Central Composite Design
(
, 2549)
2104 (Optimization) Desirability function

Desirability Harrington (1965) Derringer Suich (1980)

(Lazic, 2004) Desirability

(Response)
di Desirability 0 1
D 0 1
Desirability function
U
Diz
Desirability

2.2



20

2.2 Desirability
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 uniisual 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
Lazic (2004)
2.11 (Home Use Test-HUT)

( " 2550)



2.12

2121
2122
2123

2.12.4
2125
2.12.6

100

13

(

494/2547)

1 104

0.65

. 2554)
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31

3.2

321
32.2
323
324

-18

(tray dryer)
(blender)
Centrifuge

3.2.5 Hot Plate

3.2.6

3.2.1

328

329

3.2.10
3211
3212
3213
3214
3.2.15
3.2.16
3217
32.20
3222
32.23

aw

4x6

(stomacher)
(Laminar flow)
(incubator)

(Sepia pharaonis)
(ink sack)

Progress

Shanliang BL-021
Hettich Universal 16
Minolta CR-400
Cimarec 2

AQUALAB series4TE
Memmert

Denver SI-234

Pine Brook ARC 120
Santo

Sammic V2521

(PET/ALU/PE 12/7/40 )

37 x50

Basic
ABS1200
Heraeus
Memmert

-18



3.3

20

23

3.2.24 (autoclave) ~ Tomy SS-320
3.2.25 (Vortex Mixer) Wiggen Hauser
3.2.26 (Water bath) ~ Memmert
3.3.21 Samsung Korea
3.3.28 Plate Count Agar Merck
3.3.29 Dichloran Glycerol (DG18)-Agar ~ Merck
3.2.30 Stomacher bag
16 x 150
33.1
20
( )
332
3321
(ink sack)
2% (ink sack)
(
)
3322
3321 600
37 x 50
(Tray Dryer) 9
60, 70 80 5 1 9

<5
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3323
3322
1 aw(AQUALARB seriesdTE)
2 (AOAC, 2000)
3. (Anderson el al. 1969)
4, (Anderson et al. 1969)
b, (Subadrae/ al. 1997)
6. (L*) (Minolta CR-400)
1 (yield)
3324

(Response Surface Methodology)
Central  Composite  Design

(response) (contour plot)
(model)
5 (Central
point of design) (0, 0) 2
(polynomial model)
Lazic (2004) (the
least square method) ' fitted response
function.

y=(30F (3 P2X2 p, x\+ p2x\+ p, X x2

Y (response)

(L*) (Yield) X, temperature level X2 time level. Po
constant value, (3 p2 linear terms, Pm p2  quadratic terms, and p,2  interaction
term. Design-Expert 7.0.0 (Stat-Ease, Inc., MN, 2005) fit the model, contour
plots desirability

31



3.1 (RSM)
Run Temperature (°C) Time (hrs)
1 60 5
2 60 1
3 60 9
4 10 5
5 10 1
6 10 1
1 10 1
8 70 1
9 10 1
10 10 9
il 80 5
12 80 /
13 80 9
333
332
Home Use Test 200
20
331
1 2

9-Point hedonic scale

( 3
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334
25 ' 2
600 (3012
) 2
2
aw(AQUALAB senesdTE)

(AOAC, 2000)
(Anderson et al. 1969)
(Anderson et al. 1969)
(Subadrae/ . 1997)
(L¥) (Minolta CR-400)
(AOAC, 2000)
(AOAC, 2000)

(ANOVA) 334133456
(Completely Randomized Design: CRD)
Duncan’s New Multiple Range Test (DMRT)
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25

21

4
20
2 41
41 1 ‘
30
30-40
40
10
10-20
20
20
41 15
30 30 30-40 35

15
25
30
3
3
65
25
10
40
45
15
3
40
25
55
25
20

40
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42

10

65

10-20
3

42

55

28

%5
10
5 20
I
%
liquid ()

40
15

25

20

100

%
60
3
10

45
3
3
15
10
60

55

50

20



10

42( )

55

50

20

3

15

60

29

10

50

60

3

45

20

%

50
50

100

100

50
50

3



30

42

(Response Surface Methodology)
Central Composite Design

(L*)
43
43
(L*) (yield)
4.4
( 44)

(model) lack
of fit (Coefficient,
R2) 0.83-0.99 45

(Quadratic model)
421
42.1.1 (aw)
(p<0.001) 44
41 (a)
80
9 0.03
60 5

0.31 (free  water)


http:0.83-0.99

(

4212

494/2547)

60

1 2526)

(

494/2547)

(Moisture)

(p<0.001)

80

(p<0.01)

2526
6.63

191

13
10

0.65

(Bassey, 1981)

4.4 41 (b)

0 80
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4.4 1
F-value
Source : " : :
df aw Moisture  Solubility  Absorption  Rehydration  Color (L*)

Model 4917 13743+ 1337 1079 40290 6.70*
A-temp 1193710 GLLILM* G357+  5320%**  188.50*** 428
B-time 1 4583 6L10%* LT7 0.21 11,00%* 5.18
AB 1 527 6.02** 0.44 0.17 0.19 8.84*
A2 1 0l 8.75** (.67 0.37 15 10.71*
B2 1 058 2.18 0.081 0.056 0.005 0.5
Lack of Fit 3 248 0.9 6.01 0.27 12 1.29
R2 - 097 0.99 0.91 0.89 0.97 0.83

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

4.5
Dependent Values
aw
Moisture
Solubility
Absorption
Rehydration
Color (L¥) ,
Yield

Models
1.81-0.02*X £0.13* Xj+0.00* X,* X20.00004* x,2-0.002* X2 (1)
76.38-1.377* X,-0.97* X20.02* X * X20.006* X,20.08* X2 2)
11.76-0.24* X -0.74* X2+0.008* X.,* X20.002* X,2-0.02* X2 (3

1.36-0.08* X,+0.03* X2-0.001* X,* X20.0003* X,2+0.003* X2 (
1.76-0.02* x,+0.09* X2-0.0006* X,* X2t0.004* X,20.0006* X,2 (5
65.10-0.69*XE1.35*X2+0.02* X, *X 20.004*X[20.02*X2 (
60.69-0.41 * X 10.81* X2+0.008* X,* X2+0.002*X,2-0.001 * X2 (7)

: X, = Temperature, X2= Time

42.13
Index)

60

(Water Solubility Index and Water Absorption

' (p<0.01)
1 4.4 41 (c),

5.38-5.80

2.10-2.22 80

Yield
9.32%*
31.91%*x
13.16**
071

0.72
0.0003
0.67

0.87


http:5.38-5.80

2.66-2.12

4214
4.4 4.1 (e)l
60
2.18
(adsorption isotherm)

12553)

42.15

42.1.6

34

8.51-9.20

(2544)

(Rehydration Ratio)
(p<0.001)

80
2.89

(desorption isotherm)
(water-binding capacity) (
desorption isotherm

(L)
(p<0.05) 44 41 (0
(p<0.05)
(Yield)
(p<0.01) 1 44 41 (g)
80 9
385 60
41.49



aw

B lint

B tirre

41 (X) (X2
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3

422
Desirability
(Derringer and Suich, 1980)
4.6
4.6
Optimization of drying condition

Response variable : Predicted Actual .

Goal Lower Upper Weight Desirability

Responses  Responses

a In range 003 031 1 0.08 0.07 1
Moisture (%) In range 6.63 10 1 181 191 1
Solubility (%) Maximize 538 920 I 845 851 0.93
Absorption (g/g) Maximize 210 272 1 2.70 2.66 0.9
Rehydration Ratio- -~ Maximize 218 2.89 1 2.8 2.82 0.9
Color (L*) Minimize 3685  38.33 1 31.30 31.18 0.84
Yield (%) In range 3850 - 4149 1 39.26 39.40 1

Solution: Temperature 80°c, Time 5 hrs.
Composite desirahility = 0.86

40 1
(in rage)
( 494/2547)
10
(maximize) (L*)

(minimize)

38.5-41.49
(Optimization)

80 5



31.30

43

9-Point hedonic scale

41

20

Test

3

composite desirability 0.86

1.00-080 (Lazic, 2004) desirability
084 100
0.08 787 8.45,
270 | 278 (L
39.26

Home use test

41

80
200
1 2
3 47 49
Home Use
?

70

40

20

20

20


http:1.00-0.80

48

60

40
25

15

20

47

30

40
50
3
30

69

48

20
3
30

Home Use Test

(

15
25

20

30-35)

3

65)

50)

8.50-0.69

8.15+0.88
1.95+0.83
1.5020.95
1.35+1.04

8.05+0.60


http:8.50::'0.69
http:8.15%e0%b8%910.88
http:8.05%e0%b8%910.60
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40

49

(
100
1 15
, 25
10
10
5
5
13000 15
1000 10
500 10
200 30
100 3%
50 10
1 50-99 5
(200 ) 100-200 65
200 20
100

20
44
80 5 25
2 (600
) (30+2 ) 12
4.10

411
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441

4412

12

0.05)

(head space)

12
0.65
4413
£
2 b

4

(aw)
4
(p<0.05) 2 12
(p>0.05)
(p>
1 (2556)
(vacuum pack)
(head space)
2
0.08 0.9
( 494/2547) ,
(Moisture) 0 2
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Use Test

2

80
composite desirability 0.86
0.08
8.45 2

(L*) 31.30 39.26

3

Home Use Test
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2.18
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Optimization of tray drying condition in squid ink powder production The 4th National and
International Graduate Study Conference 22+23h May 2014, Princess Maha Chakri
Sirindhon Anthropology Centre, Thailand. Creative Education.
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B. (L*)
Hunter Lab
, (Hunter Lab)
colorimeter (CR-400) (Minolta co. Ltd, Osaka, Japan) '

(lightness) &* (redness/greenness)
(yellowness/blueness)
L* 0 1200( L*
)
Calibration Plate illuminant C

CIELAB (L* a*, b¥) 10

*

=

15

Minolta
L*

.U

Standard
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Total Plate Count (AOAC, 2000)

(Petri dish)*

10 * (Test tube)
110 *
¥ (Hot air oven) 170
2
S o i - 0 g
Plate Count Agar
- Peptone
Plate Count Agar (PCA) 235
1000
121-124 15
1.0£0.2 25
Ny 250 500
0.1
1 25 (aseptic technique)
peptone water 225 (Vortex mixer)
T10 101
2. 1 1
9 (Vortex mixer)

1:100 10~
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3 1
2
4, PCA 1 50-60
15-20 1-5
5
3142 4843
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| " (Yeast and Mold) (AOAC, 2000)

(Petri dish)*

10 * (Test tube)
' 110 *
. (Hot air oven) 170
2
a 7 = o J A
Dichloran Glycerol (DG18)-Agar
- Peptone
10
Dichloran  Glycerol (DG18) 39.0
' 1000
121 15
35 10 (
100 19 )
NN 50 250 500
0.1
L 25 (aseptic technique)
peptone water 225 (Vortex mixer)
L1 1w
2 1 1
9 (Vortex mixer)
1100 1072
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2( )

Your opinion about cooking with squid ink
S L]
1 Gender 0 Male 0 Female
2. Age 0 30yrs. And under 0 31-40yrs. o 4150 yrs. o Slyrs.Up
3. 0ccupation / POSItION.......c.vvvvvesvvrssrsssrnn Work Place (present).

4, Work experience in FOOT INAUSEY......vuvvvrvvmsrvsssrvsssrsssne Years
5. Education o PhD. 0 Masterdegree o Bachelor  Oothers........
6. Nationality / REGIONAL............vuscvvvmmsmmsssisnmisssmssisssissssssnssssrssns

7. In'your opinion what are the good characteristics of squid ink? (such as taste, color, texture,
CONVENIENE PrOJUCE ANUBLC.)vvvvvvvvirvnsisvsisissssssmsisssmssmsssmssssssssssssssessssesisssssssssssssssssssens

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

0 Yes. Pis. identify the menU-{AISH.......ccor i iteiiietemsiconesiatsbins bsmstsbusssbosses s fes bt ssssessesssssens
0 No. WHYRX.. SN2, S22k A8 o\ . 2. R A LRl Sl 2 A e,
9. What kind of squid ink do you usually use?

0 Fresh from.c.imnseninins S (N vamvavoea N W v A | A PTICE....ovvvrscciisrensen
0 INSEANE, e vvvvvvrseresssnsronsssssess R [ secsadotnnsi ) S o Iy i B PIICR...cooivvvvvvrrrssssnn
0 Frozen\\.. 2. @I 1 N1 NP e SR o | oo P PHCE. et vvvecerrreenn
VIO S Vot GO R AR \W /20 AL GBS ol 7 A

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

0 I'have no problem with that.

0 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.

0 Amount of ink from each squid is inconstancy and it is difficult to prepare the daily raw material,
0 Fresh squid ink needs to be stored in freezer and thawed before use.

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

0 Yes 0 No

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

0 Yes 0 No

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

0 Yes 0 No
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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 =(islike very
7= like moderately 4 = dislike slightly 1=dislike extremely
9 8 . 6 5 4 3 2 1
Conveniene
Golor
S
Tadte
Tedue
Overall likig/Acoeptance

Opinions after testing and opinions about ideas of product
1 What menu did you test SQUI ink WItR?......ovmursimsismmmsismsssssissssssmssssssssssssssssssssssssssssnens

2. After testing, how would you accept the squid ink powder product? o acceptedQ not accepted
3. What packaging do you want to buy? (for food service)

0 aluminum tin 0 aluminum foil bag 0 plastic box 0 glassjar
0 individual aluminum foil sachet for 1portion (same as instant coffee)
0 others

4. How many amount of squid-ink powder per unit you want to buy? ( for food service )

0 3 K. 0 2Kg. 0 1Kg. 0 500g. 0 200 0. 0100g¢
b. The reasonable price you wish to buy for squid ink powder 200g. (as sample)

0 under 50 B. 0 50-99 B. 0 100-199 B. 0 more than 200
B.6. Ifthere is the squid ink powder in the market, will you buy?

O NO. BELAUSE. oo vvvtvvvrssvrssssersssssssssssssssssss s
0 Yes. Because
7. Suggestion



Mr.

Mr,
Mr,
Mr,

Calderazzo  Marco

Gaggan Anand
Haranza Venleslad Marco

Serg Palacin

Home Use Test

JR Sous Chef
Executive Chef
Chef de Partie

Bakery Chef
Chef
Food Stylist

Executive Chef

Restaurant Consultant
Chef Talent

Executive Chef

Chef Talent
Executive Chef

Chef
Chef
Chef

Shangri-la Hotel Bangkok
Sivatel Bangkok Hotel
Arnoma Hotel Bangkok

!
Shangri-la Hotel Bangkok

Free lance

Triplets Brasserie, JFK. Restaurant
(Langsuan)

Free fance

Health & Cuisine Magazine
Arnoma Hotel Bangkok
Health & Cuisine Magazine

Petite Pantry (Sukhumvit 49)

Health & Cuisine Magazine

Amalfi Bistro Italian Restaurant
(Thanglor)

(Gaggan Restaurant (Langsuan)
Basilico Italian Restaurant (Bangkok)

Gaggan Restaurant (Langsuan)
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Risotto
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Black Baguettes
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Title  Optimization of tray drying condition in squid ink powder production

Author: - Aamotai Ovadliana, Tongchai Puttougsni

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

Abstract

The aim of the present study was to determine tile optimum condition of
temperature and time In pr_oducm% squild ink powder. Squid- ink of cuttlefish (Sepia
pharaanis) was_dried using  Tray dryer at different conditions ranged from
temperature at 60, 70. 80°c and time for 5. 7 and 9 hours. Tile Response Surface
Methodology with Central Composite Design was _apPIled to determine the
experiment while investigated reskonses Wwere Water activity (aw). moisture, content

C), water absorption index (WAI), water squblllt)( index”( 1), rehydration ratio
RR), color ﬁl__*) and percent yield.” Drying temperature appeared to ave a_?,reater
effect oil quality of squid ink powder than die drying time. The optimum condition of
tr(%cdry_mg condition ill squid ink powder production was found to be temperature of
80®c withdrying time of 5 hours. At this optimum point gave the B[e_dlct_ed valyes of
water activity %aV\)0.0_S, moisture content (MC)7.87%. water solubility index ( !
A5%, water absorption index éWAR 2.1 glg, rehydration ratio (RRg 2.18. Ilg tness
(L*) 37.3 and percent yield 39.26. Therefore; hase on the. maisture content, and water
activity which" were Considered to be the important criteria for qualities of food
nowder product the results showed that the optimizing solution of dayln temPe,rature
and trine had good quality products when compared with standard” qualities of
seasoning powder (Thai community product standard NO 494 /2547).

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

Introduction

N Squid ink s 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
;r)erlshable,are also tile inconveniences M preparing the squid ink. Squid ink in powder
orm provides a near complete solution to these problems. Development of instant
squid ink . powgder was benefit not only to increase The convenient of preparation ill
food  service industry, increase shelf life storage which will give advantages for
packm%_and transportation in the long distances but also may [ead to its redse and
reduce tile waste of a marine resource.

_ hi Thailand, squids are one of the most significant fishery? products of this
industry second only to the prawns. Thailand 1s one of tile largest squid producers and

nil: )t Jituwtt — 1i: nMufi;uT 1 1209 raafim wj
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exporters ill the world. I 20117Frozen squids and processed had been exBorted 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 Ioro_duct_s are generated in ?r_eat amount and thrown away as waste
which create pollution into thé environment if not. managed well enough Costs may
be occurred 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 reséarchers around the
world. Most are related t0 functional properties such as anti tumors activity (Takaya et

1., 1994 Sasaki et al., 1997, Naraoka et !, 2000) and antimicrobial activity ( Peruru
et al,, 2012). To tile present, although pharmacological roles of squid ink have heen
studied by researchers for many Vears, this marine material is still discarded.
Nowadays, squid ink-is not in _?eneral used in industrial applications. To raise the
economic value of squid ink, tile production of high-value product from squid ink
needs tq be studied. Squid ink powder 1s one of those products_because it can be used

main ingredient, partially or component in many food service and food industries.
However no literature mentions die squid ink is taken into account for food industry,

Diving is one of tile oldest methods of food preservation. It provides a
high degree of microbiological and chemical stability due to rile removal of water
present ill foodstuffs (Bonaui et a!., 1996). Heated air drying is the most commonly
employed commercial technique for dryln%_blologlcal products. At the same time, It
causes a series of changes 1Uthe material. Tile effects of drying conditions on product
3ualities need to be investigated for tile desired quality products. Large quantities of

Ifferent materials using tray drying Information are available by mang authors such
as onion (Mazza & Le Maguer, 1980), water chestnut (Singh et L, 2008), beriberi
fruit (Berberidaceneg (Aghbashlo et 1, 2008). egg powder %Kmnaravel at al. 2012),
Nani-prik-ong (Northern Thai Style Tomato Spic% (Deesanam, N. et al.. 2555). Ma-
kok (Spondias pinnate! (L. f.) Kurz.) powder ({Jttarachon, K. et al, 2555), fiber
powder from tomato (Suklampoo, L. et al., 2550).*

*Qptimizing. the processing operations should be performed 11 order to
recommend, best conditions for drying resulting ill a superior quallFt?/ Hoduct well
as maximizing through put capacity and reducing processing costs. RSM was found to
be a useful approach-and it should"be reconnneiided that this methodology be adapted
to all optimization studies (Mndaniba, 2002). The effectiveness "0f RSM in
optimization of processm% conditions 11 food technology from raw to filial products
has been documented L the literatures (Gan et !. 2007; Madamha, 2002) and It has
been successfullg applied to many food process modeling and optimization problems.
Kahyaoglu (2002) used RSM, for optimization of tile ?IStaChIO nut roasting process.
Puaat " ! (2005) also obtained predictive models for production of drum-dried
|ackfnnt (Artocarpus hererophyUus) powder with different concentration of soy
ecithin and gum arable. El'en‘and Kavmak-Ertekin (2007) used RSM for optimization
of osmotic dehydration of potato. Similarly, Corzo et ! (2008) reported the optimum
of thin layer drying process for coroba slices could be found using RSM. Erbay et

at  ®1 ni-iiia 3210 if{ (1 |
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al. (2014) also used the RSM for the optimization of spray drying process 11 cheese
powder production.

Objectives

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

2) To determine optimum tile tray drying condition ill squid ink powder
production.

Research Methodology
1. Raw material

. Ink sacs of cuttlefish (Sepia gharacmis) were obtained from local marine
rocessing wholesaler m Mahachai. Samutsakhon, Thailand and transported to
angkok dyrefnge_rate_d truck under 4 °c andoétored under -20°c. Frozen material

was thawed"by placing in ~ refrigerator under 4 ~C for 24 hours before use,

2. Trav drying operation

- Squid ink was carefully s?ueezed from the ink sacks. Ink sac and other
entrails were not used. An amounit of 600 grams of squid ink was spread in a thin
layer (05 cm.L onto the_ aluminum tray (37x50x1,5in) which covered with
polypropylene (PP) sheet, The squid ink was_dried ill a laboratory-type tray drier
FProgress Electronic, Thailand). The drying air velocity was relqulat_ed by ail axial
low"fan and fan speed control ‘unit. Tile air'was heated with an efectric L0KW heater
placed inside the duck, and air temperatyre 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 heavg-duty anaI%ncaI mill ﬁKA
M20, German?é) 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 determination of their ranges. Drying experiments
were carried out at a drying air temperature range of 60-80 °c for a process time
range ot)5-9 hours. Threg replications of each experiment were performed.

3. Physical and instrumental analyses

3.1 Water activity Aw 0f the samples was determined in 5 g, powder
san}{)les tempered at 25°c, using a water activity meter T(AquaLab Model Series 4TE.
us )t'd hree measurements for each sample were performed and average value is
reported.

3.2 Moisture content TO determing the mojsture content, powder
samples of_3_gi were placed in pie-dried aluminum cans and weqhed according to
AOAC Official Methods of _Anal¥3|s gZOOO. Moisture ~ calculated as the amount
of water removed after drying at 105 °c until the final mass was reached. Three

~—

) )nrn 3. 2 N
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samples from eacli trial were used for the moisture determination and the average
moisture content is reported.

3.3 Water apsorption (WAI) and water solubility (1) WAI &
| were assessed asdescnbed_ByAnderson et ] (1969).Each powder sample of 25
was suspended w 30 ml of distilled water w a pve-weighed 50 ml centrifuge tube.
he susPenswn was shaken with a shaker machine at 200 rpm for 30 min &t room
temperature and centrifuged at 3000 rpm for 10 min. The Supernatant was poured
carefylly into gre-d_ned and pre-wel_%hed _evaporatlng beaker. The WAI was
calculated from the welght of the remaini P solid and expressed as gram (Per gram of
original (2.5 g) solid. The WSI was calculafed from the weight of dry solids recovered
by evaporating the supernatant for 15 hours at 110°c and eXpressed™ %. All samples
wiere- analyzedill three replications.

3.4 Rehydration ratio (Rr) RR Was assessed as described b_¥ Subadva
etal, (519971. Each powder sample of 2.5 g was suspended- in [OOInL of distilled water
in a 250 ml beaker covered with wach ﬂ!ass. Then were heated by hotplate to boil
and continued boiling for 5 minutes after tat centrifuged at 3000 rpm for 10 min. The
sutpernatant was poured away and the remaining solid was weighed for rehydration
ratio.

3.5 Color measurement (L*) L* color measurements of squid jnk
powder were performed rising @ Minolta CR-400 reflectance colorimeter (Minolta.
Japan). To obtain representative color of the samples, sample of 15 g of sqtud ink
powder was put in; 3 x 5 inch diameter clear polypropylene (pp) bag. The lens of the
colorimeter . directly placed on pp bag confained”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 determing the experimental design and to optimize the
condition of time and temperature using in the drying process. The central point of
design (0*0) ~ repeated five times t0 calculate ‘the”reproducibility of the method.
The "effect of two independent, variables oil the squid”ink powder properties was

modeled using the second-order fo fit tile response. The second-order model equation
used to fit resgonses follows Lazic (20043.

| = Pot (3iXi+ PIXIMPIiXfiT- PXY+P12X1X2

Where Y is the predicted response value (lwater activity (), moisture
content (MC), water absorption index (WAI?, water solub|I|tk/ index (WS)?
rehydration ratio (RR), color L*? and percent yield ), XI is temperature level and X2
Is time level, po is a constant value. Pi and pZare lingar terms. Pi1 px are quadratic
terms, and pi2 is ail nteraction term. Design-Expelt 7.0.0 trial version (Star-Ease, Inc..
M, 2005) was used to fit die model, draw contour plots and determine desirability.

.. During optimization of industrial processes, several resRonse variables
describing the quality characteristics and performs measures of the systems are

mff ook 3212 «
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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 ail another one. which firther complicatés the
situation. Several approaches have begn used to hande il trIsBrobIem One approach
usesacons}rarned timization procedire tresecond 15t errmﬁosetecontour

%ams? tile cifferent response Vﬁrra bles, and tjle third_approach Is to solve the
problem of multiple responses through the use ofadesrrabrlrt unction combining al
responses into one measurement (Erén and Kaymak-Ertekin, 2007).

To predict the optimum of condrtron in dryi ]qprocess tile Desrqn Expert
700sofrware applied and the results are shown 1 The optima eveI of
%ponse variables was %termrned by the dFsrrabrlrtg with the scale from 0-1. 0
rability function was ased on the transforming 0f the measured property of eac
res onse to a dimensionl ?ss desrrabrlrtg fale The overall desrrabrlrty 15 calculated as
a geometrical average of partjal desirability functions.. The partial fesponse Is to be
maximized, minimized, or assigned  target value (Derringer and Suich, 1930).

Results/ Conclusion
1. Model fitting

The RSM WH central com osr#e design was used to generate the
combinations of time and temperature, It was tound & total of 13 experiments were
needed for these two_factors (Table 1). The res onse values on water activity (

morséure content (MC watrabsorgptr N index gl water solubility rndex{ ),

rehvdration ratio (R and perce d are presented N Table
rY Awas cond&rcte)d fo éfetehh inesi nﬁ‘rcant ef¥ecs ofr%r Cess varrables on each
resgonse and to it secon 5?

order Ip nomial- models, The linear, gua dratic ana
Intéraction terms on t e [esponse. varl ab es are shown rII Table 3, Tabl shows the

ratic. models of water_ activit mor ture content (MC), water a Sor tion
Chdle erg Water so uh rndeXr . Tenydration ratro( Fa& co or (L p%
Wi

|I|t
modeI found to be ?i ter as 10 slopificant fack of fit N
? the response varrgbf abﬂse ecoefsr‘lgpent va&ues (R2 orall mor]e\
dbetween and 99% n rc%trng thar tile mogels could be Used fo predict the

effeft of r1em eratyre ang time.1ll the condition of tile 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 aw(p < 0.001 and p
< 001) (Table 3, Frg s.la). The increase in temperature and time significantly
decreased aw(Table 4, Eq. Tand Figs.la).

Fonrod *Sutl: ffiTu. 3213 ufltwrtYisraa ' ! 17
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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
5 70 7
6 70 7
7 70 7
8 70 [
9 70 7
10 70 9
il S0 5
v 80 7
13 S0 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 oil MC (p < 0.01%. Furthermore, only temperature showed a
quadratic effect on MC %I< 0.01) (Table 3, Figs.Ib). Only temperature appeared to
have a greater effect on MC than drying time. The increase ill temperature and time
significantly decreased MC (Table 4, Eq.2 and Figs.b).

04. Effect of temperature and drying time on solubility and absorption
Onlg temperature had significant linear effects on_ I and WAI (p <
0.001) (Table 3 and Figs.Ic, d). The increase  temperature significantly increased
I'and WA (Tabled. Eq.3, 4and Figs.lc. 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 ill tem[geratur_e and time increased RR (Tables, F|gs.|e%. The
|Fn_crea|13)e ill temperature and time significantly increased RR (Table 4, Eq5 and
igs. le).

morbclttn»3fV ! *37) 3214 IML T 7ta



tin

I

6. Effect of temperature amt drying time on color (L*)

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

Figs. If).
7. Effect of temperature and drying time on percent yield

Temperature and time had significant linear effects on yield (p < 0.001 and
p< 0.0%] (Table 3, F|gs.la?. The increase 1 temperature and time significantly
decreased yield (Table 4, Eq.7 and Figs.lg).

Table 2 Central composite design and response values

MC ! WA Color ~ Yield

IS & (VAN gls O 2\
U] =0 Yareiida 1591 5,69 2.0 2034 4149
gl & (T Lhds 14.27 5,80 217 203 3153 403
3 60 9 019 1291 539 22 230 3730 3996
A\ M T N2 1108 6.5 252 236 3726 3976
A\ T, 7289 991 6.66 257 255 3736  39.35
6 2 T 0l 1053 659 254 254 365 39.82
T T o1 1065 632 2.36 246 3700 3906
NN &4 13 1058 6.70 233 246 316 3097

9 1w 7 0I? 1085 729 241 25 3692  39.94
0 70* 9 008 o 1 247 260 3746 3897
s 5 007 791 851 266 29 sus 3040
2 0 7 o0 733 9.20 2n 2 3136 3870
B D 9 00 663 .6 2710 20 3. BN

ffdw 215 ('Y &
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Tahle 3 Analysis of variance of independent variables on tile response variables m
squid ink powider production

fwvalue

Source ,

MC ! WAI RR L* Yield
Mode! 5 4QI7%*  13743%%% 133" 1079% 4020 G0 930%
Aemp 1 10371%wee G35TORC B30 ISSEQPRC 428 31917+
Bune 1 45837 BLIOM* 177 0 o~ 518 13.16%*
AB t 5.27 6o 044 017 019 s 0
A 1 0 B 067 037 15 01 0n
8 1 058 218 0081 0.6 0005 05 00003
%ﬁCk % 328 096 601 027 12 129 067
R2 097 099 091 0.9 097 053 057

* Significant at p.0.cs. *+ Significant at P0.01.  Significant at pMXOOQI

Table 4 Predictive models from the response surface methodology

Depencent Vlues Models

Water activity L81-04)2*temp-0.134time"033G*reinp*tmi*0.0QQ04*temp:-K).002*tilue" (1)
Moisture 76.35-1.377*teiup-0.97*liing-H).02*temp *tune+0.006* temp:-0.051 "ie2  (2)
Solubility i1."6-Q.24*temp-0.74*time4<).008*t||AP*tini"0.002*temp2*K).0vtime2  (3)
Abtjorpun 1.36-0.08*iemp+0.03*tmie-0.001 *teinj3*fime-0.0003*teinp2+0.003+rime2  (4)
Rehydration 1.76-0.02*temp+0.09*fime-0.0006*temp*timed-0.Q04*teinp20.0006*time2 (5)
Color (L) 65.10-0.69*teriip-135*Uine H)-02*tenip*tiuied-0.004*teinp2+0.02*tixne*  (6)
Yield 60.69-0.41 *tenip-0.81*thiie+0.008*temp*tHHe+0.002*teiup20.0Q1 *tixne2  (7)

8. Optimization of drying condition to produce squid ink powder

From Tables, optimization was based on tile generatlon of results that set
mrange for e%wand yield. In raane W|ter1rE) per limitation™at lO/ofor MC maX|m|zed
the response for 1 WAI and RR, and |n|m|zed the response orL ‘The goal for
awand MC were set accordmg to the stand of seasonm POW e[ (Thai eonannm|
roguct flndar NO. 494 /2047). The desirabilit funton valug varied from
un e5|ra e response to 1{des rabe response). The optimum- desirability rang
ro 0sed La2|c$e RAW% in 1.00-0.50. Tile dgswa ility values for Yv%ter acllvx

. Moistlre cont ntg % Wwatey absor tion index (W. 3 water solupility. inde
1), rehydration ratio (RR), color (L*) were ranged from .84 to 1 while the

mimu iU ? dishlh 3216 "ri


http:P:':.0.OO
http:100-0.80

19

composne de5|rab|l|ty was 0.86. The optimum condition of tray drym% condition 1
squid ink ow erproductmnwasfoundto betem erature of 80°c with dryin tlmeof
5hours t this o§t|mum omt avete re |ctdva ues of water activity

moisture content (MC)/ water sojubility In exﬁ 8845% Water aBsorPtmn
g:gleé(gg/\% 9 rehyt?ranon ratio (RR) 2.78, lightriess (L*) 37.3 and percent

Figure 1 Contour plots for the effect ofterﬁra@erature ( ) and time (B) oil , ( Jwater
ac IVI%/ @mmsture content; %:) solubility; (d)" absorption: (8) rehydratlon
(f) color (L¥) and (g) yield of sylid ink powder.

jiBUinfliistu 1 rifniti 3217 Io*¥010. ! *010 13
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Table Optimization of drying condition in terms of composite properties.
Optimization of drying condition

Res :
e Goal  Lower Upper Weight rersegtl)(r:ttsee% égggglnses Desirability

g Intange 003 031 1 008 0.07 1
Moisture %) N range 6.63 10 1 187 791 1
solbility %) Maximize 538 9.20 1 84 851 0.93
g?gs)‘"“”‘)” Maximize 210 272 1210 2.66 0.9
Rehyclration ~ Maximize - 2.1S- 2.89 i LS 282 0.9
color(t)  Minimize 368 BB 1 J30 318 0.84
Yield (%) wrrange 3850 4149 ¢ 3926 39.40 |

Solution: Temperature 80'C. Time 5 lus.
Composite desirability = 0.86

ut conglusion, the [esponse surface methodoIO(It wats a usefn(l tool to
|nvest|9ate the optimum { ra]y rgln copdition for the tfrodu? ono atn Ik powd er
Tem erature and time si fIC aﬁected the qualit sqmd Ink_powder. Both
ehmHerature and time |ne effects on W te activ m0|sture cont i,
re dy ratiol rat|o ana yleI OnWX temperaturehd Inear e ecson Water so ubt 1ty
an water ap sor tion ‘and showed quadratic effects ou”moisture_content and color
|g htness (L*). . Interaction of tem erature and time sagntftcanA ah ffected the m0|sture
ntenﬁand oor a’ ness h rmg gm erafuire dppeared {0 nave agregtere (s
on qua ity O Squi ef than tie arying ttme emo eI equattn evelope
| e used for redtcttng the quall fof tfay dried squ ét owder. Based oil the
constratnts sett produceagoodq ality squi |nkp er Co Id Use temperature at
80°c witlyhytiig time for 5 hours.

Discussion
Water activity. Moisture content and Percent yield

A shelf stable dproduct can be produced if moisture content and water
gcttwt can_he m|n|m|ze during Processm(? The wat%r actiyity values from ﬁll
rying’ condition were low_and i rage of The moistlre content il t
optiniization varied from 6.63 to 10 %y set the constralnt of wat under 10% dug to
mmsture can generallg/ increase_during s éorage and this variation was In the desired
range of the quiality pdrameters for a standard™of food powaer to be considered  good

Il " drium; I 3218 yilll o n
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quality of seasoning powder (Thai community product standard NO 494 /2547) which
awmist under 0.65"and moisture content under 13%.

Higher temperature decreased aw and moisture of squid ink powder
corres%ond to several investigators consicerable report increases in drying rates
when higher temperatures were used for dr a/rnrq various food and agricultdral cro?
These included Mazza & Le Maguer (1980) for onions. Bala & Woods (1992) for
malt. Palrpane & Driscoll (1994I) or macadamra lints. Recent studies such as those of
fiber powder from tomato (Suklampoo, L et ah, 2550), Nam-prik-ong (Northern Thai
Style Tomato Spicy) (Degsanam, et ah, 2555) and Ma-kok (Spondias pirmata (L.
f) Kurz.) powder (" Tachon, K. et ah, 2555) also reported increased drying rates
when increased diving condition.

The dehydration reactron is_ Usually defined s a chemrcal reaction that
involves the loss of a wat rm eculﬁ from %he r actrng molecyle w%ter fr?m food
Bonaul et 3h 1%96 whic ahects éewerﬁ %od can € mplarntedrf erent of
ercent yield In this; stuay. This 1 due to the fact that more moisture was removed
rom the”sample during tlre drying process.

Water solubility, Water absorption and Rehydration

The water solubility indexes in all diving condition were low and ranged
from 5.69f8 t 9.20% might explain by the insoluble comgonents of squid ink which
consists of mineral elements; calcium (Takaya et ah, 1994; Zhen et tfl, 2002) and
melanin ?rgments which are insoluble ilf both water and organrc solvents. (Harki et
ah, 1997, "Linh Trail et ah, 2006; Magarelli et ah, 2010). However grainy
characteristic in fresh Squid ink s normal.

Increases of WAI WSI and RR in rncreasrnq (rjyrng tem gerature mrrght be
related t grnk structure damae Anderson ( %9822 r J) ted th tr: g rFm eature
mcrease or severa P Ins. Resultso ting  staly agree. wit n rn?s It
ma esu%%este that WA is mainly influenced b%thea inity ofthe food particles
%] (\jrgastgrr caluse frner particles farm a Qreater matrix with wafer trapped Into it

Color Irghtness (L*)

Color lightness of squrd ink powder hecame slightly fade when drying at
hrﬂh temperature. This eﬁ?ct could be due to tile reaftron of the melanrn %ment
Ich 15" present 1 INK 0T ¢eph ao’Qo a. However, all sampl e% apPe red t a
Ieasant color at tested conditions. Not only browning reaction but fading of co or ;
éJratron roduct due to cha Prn of their chemical structure éxlso were pormall
ouna, Pigment retention in drre 0005 decreased  temperature and moisture Increase
Krokida &t ah 2?10% Masuda et ah (1996) re orted ading of muscle color by heat
rocessing of Fal Imon J aram 5 Gupia (1995) rgBorted adrnﬂ
of caroterjoids are susceptr eto oxr fIve ¢ anges uring de yratron e to the hig
degree of iustauration 1 their chemical structure.

W ricdmni ; *1» ! «fli 3219 10 ! !
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Optimization

From standard estimates, on desir brIrty scale bx Lazic ( 2004L file
comgosrte desrrabrlrtyo optimized d mg conajtion”il sour Ik powder LP cfion
at 0.8 15 m tile 0.8 & 00d, acceptable and excellen present unusual quality,
or performance, weIIb yond  yaliing commercially available);

Economical Processing

The eventual copsum tron of a trnrshed product was tested by ItaIran chefs
and received excellent teedba . Oven d or tra}/00 ryrn |s recommended tor

BE%%”%%OrRmOon?ﬁ“hse' rrgosma anan lneg udrn nrt'n1r:d(t)rrstr wrt af or8 et% rrng and

mstrgment The'dr mg rocessr | this study has been ar ed to gro Hcet esg dd Ink
powder without a catrons In pro uctron nert er food adalitive no r%m
aids are needed an It chaI enges low coﬂ aprpywrt te%varlable nstrument. Thesg
small and medium-industries gspecially Iil rural”area will then be able to manufacture
this squid ink powder with affordable investment.

Recommendations

Tile squeezing
with the entrarls Only ink lig

—

ProGess needs
Il

0 be careful not mixed up tile ink liquid
10 15 used for

he pleasant sense of product.

—

2. Consumers are becomin ore educated abod
fods and have start changrngte ood consumption | are now
choosing foods nc liutréceliticals, Cletary’ fibers, natura colorants, m nerals and
¥|tam|n low ill at an free of sgnt etic food ad itives, The further stuay 0
unctional properfy of squid nk P woer produced trom dlif er?nt PrOCeSSEs “an
different kinds o cephal pod could create the new functional food” ingredient Il
various food systems.

t the nutntrﬂnal value of
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