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The Study on Development and Quality Properties of Surimi
using Muscle of Mackerel Scomber japonicas, Japanese Spanish
mackerel Scomberomorus niphonius, and Jack mackerel

Trachurus japonicus

Dae Chan, Park

Department of Food Science and Technology, Graduate School,
Pukyong National University

Abstract

Surimi is a Japanese term for deboned, minced, and washed fish
flesh, which is then used for the manufacture of seafood imitation
products such as crab legs and fish cake. These are perceived to have
wholesome and nutritious attributes, which, together with an affordable
price, have contributed to the increasing worldwide consumption of
surimi—based products. However, whereas the demand for fish is
increasing, it is clear that its availability is decreasing, particularly for
some fisheries.

Several whitefish species have been mentioned as preferred species
for surimi manufacturing. However, it is necessary to take advantage
of the availability of alternative resources for surimi production, such
as small fatty pelagic fish.

They are harvested as by-catch of other species, but to a degree
remain unused because only low-quality surimi is obtained from them,

or they are utilized for low-priced products. Problems with the rapid



deterioration of fish quality, color, small size, fishy odor, and flavor,
low muscle pH, high fat content, and high concentration of
sarcoplasmic protein occur, and therefore the gelation process could be
affected to a degree that would limit their utilization in surimi
production.

Therefore, the purpose of this study is development and quality
properties of surimi using dark-fleshed muscle of mackerel Scomber
japonicas, Japanese Spanish mackerel Scomberomorus niphonius, and

Jack mackerel Trachurus japonicus.

We were chosen raw materials for preparing surimi considering
raw material supply reliability and the price competitiveness according
to sales record of Busan Cooperative Fish Market for 3 years
(2014-2016).

The investigation were 20 species including horse mackerel,
Japanese Spanish mackerel and mackerel. The three, Japanese Spanish
mackerel, mackerel, horse mackerel, of these species are continuously
treated, and considering the price of each month for three years, as
surimi made the fish as possible.

The composition of dark muscle is the major problem when
incorporated into surimi, mainly because besides its higher lipid content
and susceptibility to oxidize. They may not have a negative effect on
the color and gel forming ability of surimi made from dark flesh meat.
The optimal mixture ratio for prepared surimi was 1: 9 (threadfin
bream (Itoyori)/Japanese Spanish mackerel), 1:9 (threadfin bream
(Itoyori)/jack ~ mackerel) and 73, 9:1 (threadfin ~ bream
(Itoyori)/mackerel).

The effects of dark—flesh fishes on the qualify of fried fish cake

_iv_



were investigated. Quality attributes including acid value, volatile basic
nitrogen, color value, viable cell count and sensory evaluation were
analyzed. There was no significantly of acid value and pH for 5
samples. Increasing the amount of dark-flesh muscle, volatile basic
nitrogen value and L-value of fried fish paste tended to decreased. In
sensory evaluation, the higher amount of dark-flesh muscle obtained
higher favorite score in flavor and taste, and all samples had the best
score In overall acceptance. These results suggest that dark-flesh
fishes can be applied to fried fish cake for the purpose of high taste
and functionality. To develop for the shelf-life of fish cake prepared 5
fish pastes, fish cake was stored at 5, 10, and 15C and populations of
total aerobic bacteria were determined during storage for 15 days. The
shelf-life values for fish cake used in this study were 12~13, 10 and 8
~9 days at 5, 10, and 15C, respectively. The change in the quality
index of fried fish cake, 5 samples made the dark—flesh fishes were
found to be the same as fish cake prepared several whitefish species.
The results of this study indicate that dark-flesh fish can be
readily used as a raw material for preparing simple, relatively
inexpensive fish pastes. The fish cake made dark flesh fish offers
great potential as a local specialization product on the basis of cost

and excellent functional properties.
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Table 1. The formula of surimi prepared with Alaska pollack,

mackerel, Japanese Spanish mackerel and jack mackerel

Japanese )
Alaska ) jack
Content (%) Mackerel Spanish
pollack mackerel
mackerel
Fish 95.97 95.97 95.97 95.97
Sorbitol 3.84 3.84 3.84 3.84
Polyphosphat 0.19 0.19 0.19 0.19
Total 100 100 100 100

Table 2. Formula for the manufacturing of fish cake

Material Ratio (%)
Surimi 71.45
Ecklonia cavaextract (ECE) 10.00
Starch 15.00
Salt 1.50
Sugar 0.30
D-xylose 0.30
Potassium sorbate 0.30
Glucono—-delta-lactone (GDL) 0.35
Monosodium L-glutamate (MSG) 0.80
Water 0.00
Total 100.00
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Table 3. The result of cost competitiveness analysis

Price (unit: won)

Species
2016 2015 2014 2013
Mackerel
1,030 1,154 1,227 1,077
(Go-deung-eo)
Jack mackerel
] 810 741 1,297 1,176
(Jeon—-gang-i)
Young hairtail
) 1,068 896 840 786
(kang-chi)
Young croaker
) 857 1,082 1,195 858
(pul-chi)
Searobins
1,892 1,723 1,396 1,246
(song-dae)
Red barracuda
_ 1,604 1,719 1,249 1,391
(ko-zi)
Japanese Spanish
mackerel 1,966 1,565 1,378 1,388
(Sam-ch)
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Table 4. The characteristics of fish species chosen as raw fish paste

Species scientific name Characteristics
Poor supply stability
Gadus White muscle, Uami
Cod Macrocephalus High quality gel
(GM) Easy setting and disintegrating
(modori)

High-grade surimi
Exhausted to catch fish..
White muscle, Strong gel

Theragra
Alaska strength
Chalcogramma . .
pollack Easy denaturation of fish
1o proteins during frozen storage,
setting and disintegrating
(modori)
High supply stability
Japanese Scomberomorus Nutritional value
Spanish niphoius Elasticity
mackerel (SN) Easy setting and disintegrating
(modori)
High supply. stability
Potential for low priced surimi
Jack Trachrus japonicus — products
mackerel (TH) Nutritional value

Dark muscle
Low gel-forming ability

High supply stability
Low unit price
. ) Nutritional value
Scomber japonicus
Mackerel S]) flavor preference
Dark muscle
Easy setting and disintegrating

(modori)
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Table 5. The proximate composition

(g/100g)

of cod, Alaska

pollack, Japanese Spanish mackerel, jack mackerel and mackerel

Cod Alaska Japanese Horse  Mackerel
pollack Spanish mackerel
mackerel

Moisture

80.1 81.4 74.9 71.6 72.3
content
Crude

] 17.3 159 19.2 20.8 22.0

protein
Crude lipid 04 0.6 2.8 3.8 19
Ash 1.3 1.5 1.2 1.2 1.5
Carbohydrate 0.9 0.6 1.9 2.6 2.3
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Table 6. The result of physical properties of surimi prepared with cod,

Alaska pollack, Japanese Spanish mackerel, jack mackerel and mackerel

Japanese
Alaska ) Jack
Cod Spanish Mackerel
pollack mackerel
mackerel

(}Srdness 8424056 867+049 880+1.17 821+0.76 8.09+1.02
Cohensiveness

(@) 0.15x0.26  0.57£0.05 0.49£0.05 0.49+0.03 0.31£0.01
g

Springiness

() 5.63+6.89 0.79+0.01 0.71+0.32 0.86+£0.02 1.29+0.79
g

Gumminess

(@) 546+0.88 4.98+0.65 4.16£1.09 4.06+0.47 2.51£0.38
g

Fracturability

(@) 8.41+0.67 4.33£3.46 7.03+3.79 5.72+1.51 9.48+2.20
g
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Table 7. The result of pH of surimi prepared with cod, Alaska

pollack, Japanese Spanish mackerel, jack mackerel and mackerel

Japanese
Alaska ) Jack
Cod Spanish Mackerel
pollack mackerel
mackerel

pH 8.09+0.02  831+0.03  7.70+£0.01 797+0.07 7.33+0.05
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Table 8. The result of color difference of surimi prepared with cod,
Alaska pollack, Japanese Spanish mackerel, jack mackerel and

mackerel

Japanese
Alaska ) Jack
Cod Spanish Mackerel
pollack mackerel
mackerel

L 78.81+2.32%V 78.61+2.51* 73.89+0.75® 68.524+0.81> 67.52+0.96"

a 0.57£0.34 0.59+1.57 0.23+0.32 0.671+0.42 2.41%0.72

b 11.17£0.71°  10.63£2.63° 15.27+0.44 22.014+0.26° 17.3840.56%

D A-DMeans within a column with different superscript letters are significantly different

at P<0.05.
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Table 9. The result of sensor evaluation of surimi prepared with

cod, Alaska pollack, Japanese Spanish mackerel, jack mackerel and

mackerel
Japanese
Alaska ) Jack
Cod Spanish Mackerel
pollack mackerel
mackerel
Color 6.36£0.44* 5.14+0.40" 5.00£0.79° 2.66+0.59° 1.7040.57¢
Odor 6.5240.64* 4.60+£0.49" 4.36+0.42> 4.46+0.42° 3.2440.56°

Chewiness 6.00£0.79® 6.76+0.56° 6.34+0.35® 5.56+0.38" 4.16+0.87°
Overall

acceptance

5.96+£0.32* 5.88+0.27° 5.26£0.40° 4.52+0.40° 3.70£0.47°

D A-D)Means within a column with different superscript letters are significantly different

at P<0.05.
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Aol 7|3 %7t & of&H& AxE F Ade £F v &olgtn
(Kim et al., 2014).

Haolfg o] gd ofRAzAd: AEs Al g e 5
EAZE A = Qlo] ol & afdsty] 9% W o m wpx ) gy o

Fa4, A4 ol thr e AV o] A%AZ, titanium

i
{0

dioxide, calcium carbgonat, soybean oil ¢ WA %= F7t=2S H7tsh
o] Abgsto]ol Hrtal R astal JtH(Eymard et al, 2005, Hultin et al,
2005; Karayannakidis et al., 2008; Meacock et al., 1997; Benjakul et
al., 2004)
aea SEvest ARelA ofFe Me oE /EEE 2 Aelst
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D}(Konno 2005).
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Table 10. The formula of surimi prepared with mixing commercial
frozen fish paste (Itoyori, AA grade) and Japanese Spanish mackerel,

jack mackerel, mackerel

Species ratio (%)

Commercial forzen fish paste

) 9 7 5 3 1
(Itoyori, grade AA)
Japanese Spanish mackerel
Jack mackerel 1 3 5 7 9

mackerel
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Table 11. The result of physical properties of surimi prepared with

mixing commercial

frozen fish paste

Japanese Spanish mackerel, jack mackerel, mackerel

(Itoyori, AA grade) and

Hardness  Cohensiveness  Springiness

Gumminess  Fracturahility

Control 827+1.16 043+0.4 0.85+0.02 3.72+0.77 545491
] 1:9 1032433 0.42+0.06 0.83+0.04 3.32+0.9 4.45+6,00
threadfin
bream 37 801+050 0.42+0.02 0.83+0.4 3.61+0.93 871 B
(Itoyori):
5:5 843+0.26 0.42+0.03 0.85+0.09 352+0.27 843+0.70
Japanese
Spanish 7:3 866+1.37 0.53+0.01 1.00+0.28 461+0.78 9.07+1.35
mackerel
9:1 7.0+0.07 0.48+0.04 1.01+0.20 3.64£0.26 6.51+1.01
1:9 761+0.72 0.42+0.02 0.75+0.29 328050 4.49+0.93
threadfin
37 7291045 0.42+0.04 1.37+0.41 3.63+0.65 5.60+0.06
bream
(Itoyori): 5:5 747041 047+0.02 1.19+0.42 3.56+0.14 6.20£1.66
Jack .
7:3 823080 0.45+0.03 0.98+0.22 3.56+0.60 548+3.9%6
mackerel,
9:1 79+1.01 0.49+0.03 0.85+0.92 3.92+0.18 750+0.46
1:9 527052 0.36+0.01 0.56+0.48 1.03+0.42 599£1.70
threadfin  3:7 737032  0.39:0.03 05005  298+0.29 5.22+3.08
bream
) 55 741404 041:0.04 1.33+0.38 3.03+0.37 598+1.13
(Itoyori):
mackerel 7:3 7.82£062 0.48+0.03 1.04+0.22 3.77+0.29 7.88+1.6b
9:1 783t1% 050+£0.02 0.91+0.01 3.83+0.78 6.02+1.71
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Table 12. The result of color value of surimi prepared with mixing

commercial frozen fish paste (Itoyori,

Spanish mackerel, jack mackerel, mackerel

AA grade) and Japanese

L a b
Control 73.68%0.42 -0.25+0.31 10.43+0.39
] 1:9 78.37+0.57 0.62+0.73 15.35+£2.47
threadfin
bream 37 78.26+0.31 0.35+0.48 15.67£2.31
I 1)
(Ttoyori) 55" = \T746+1.62 0.46+0.48 13.46+1.34
Japanese
Spanish The) 78.00£1.24 0.69+0.37 13.15+£0.35
mackerel
9:1 75.96x0.75 0.30+0.48 12.34+0.47
1:9 73.59%0.49 1.11+£0.51 16.21+£0.60
threadfin
37 73.28+0.66 0.74+0.73 15.84+0.31
bream
(Itoyori): 55 74.85%0.83 0.38+0.24 15.27+£0.85
Jack 73 7327%1.69 1.19+0.45 14.58+0.66
mackerel
9:1 73.52+1.35 0.16%£0.25 12.88+0.42
1:9 66.41+0.65 1.45+0.64 15.69+1.64
threadfin 37 68.39+0.61 1.28+0.69 16.85+£1.07
bream
_ 55 68.87+3.82 0.74+0.93 16.06+0.75
(Itoyori):
mackerel 73 72.11£0.53 0.64+0.97 15.23+£0.78
9:1 73.13+1.81 0.61+0.83 13.89+0.50
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Fig. 1. The result of lightness and texture properties of surimi
prepared with mixing commercial frozen fish paste (threadfin
bream (Itoyori), AA grade) and Japanese Spanish mackerel,

jack mackerel, mackerel.
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oF AWHANALTL HE B AEZ ALgo] Atk HHoFe
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Table 13. Quality index and quality guideline of fried fish cakes

according to Korean Food Standards Codex

o Quality
Quality index o Reference
guideline
Acid Korean Food Standards Codex
less than 5
value 5. 29-6, 9-6, 5), (1)
Physico-
hemical Volatil
chemica bo .a = less than Korean Food Standards Codex
asic
_ 20 mg/100g 5, 11, 1. 5), (2)
nitrogen

Viable less than
Microbiology  cell 10,000
count CFU/g

Korean Food Standards Codex
SRS 5)% (5)

Sensory
i Score more than 5Korean Food Standards Codex
evaluation
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Table 14. The changes of acid value, VBN, viable cell count and properties of surimi prepared with

mixing commercial frozen fish paste (threadfin bream (Itoyori), AA grade) and Japanese Spanish

mackerel (1:9) during storage at 5, 10 and 15C for 15days

Volatile basic

Acid value 4 Viable cell count Properties

(mg KOH/g) (Ir;l:/iizz) (CUF/g) (score)
5C 10C 15C 5C . 10C .. 15C 5C 10°C 15C 5C 10C 15T
0 1.0 1.0 1.0 e 7.2 72 2.0x10°  2.0x10° 20x10° 85 85 85
1 0.9 1.0 1.1 49 118 115 60x10° 10x10° <2 8.2 8.2 79
4 1.0 1.1 1.0 7.4 115 126 50x10° 20x10° 5.0x10° 82 8.0 76
5 1.1 1.1 1.2 8.8 112 130 10x10* 20x10° 1.0x10° 80 75 7.4
6 1.0 1.2 1.4 95 122 145  50x10° 50x10° 50x10° 7.9 72 7.0
7 1.2 1.2 14 114 127 152  19x10° 19x10* 19x10* 7.0 6.8 6.8
8 1.3 1.0 15 102 145 163  20x10° ¢ 20x10* 20x10° 7.0 6.6 6.4
10 13 14 1.6 49 155 188 = 3.3x10* 33x10° 50x10° 7.0 6.5 6.0
11 13 15 1.6 101 169 188  55x10° 55x10* 80x10* 6.8 6.3 5.8
12 12 15 1.8 115 167 200  50x10° 1.0x10* 9.1x10° 6.6 6.2 5.6
13 14 1.7 1.8 134 175 235  1.0x10" 92x10° 1.Ix10° 6.6 6.0 5.4
14 13 1.7 20 141 189 281  80x10° 80x10" TNTC 65 5.8 45
15 15 1.8 2.1 152 192 303  10x10' 1.1x10' TNTC 65 55 4.0
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Table 15. The changes of acid value, VBN, viable cell count and properties of surimi prepared with
mixing commercial frozen fish paste (Ithreadfin bream (Itoyori), AA grade) and Japanese Spanish mackerel
(7:3) during storage at 5, 10 and 15C for 15days

Acid value Volatile basic nitrogen Viable cell count Properties

(mg KOH/g) (mg/100g) (CUF/g) (score)
5T 10T 15T 5% 10T 15T 5T 10% 15T 5T 10T 15T
09 1.0 1.0 6.3 5.5 6.4 2.0x10° 1.0x10°  2.0x10 8.7 8.7 8.7

0.9 1.0 1.0 o)) 6.3 7.1 <2 2.3x10°  45x10° 8.5 7.8 7.7

1.0 1.1 1.1 s 8.2 9.1 42x10°  3.3x10°  6.8x10° 8.0 7.5 7.6

1.0 1.1 12 79 12.1 145  35x10° 15x10° 45x10° 69 6.8 6.0

1.1 1.1 1.3 10.5 13.3 136  89x10* 29x10*  9.6x1(° 7.4 0.8 0.7

0
1
4
5) 0.9 1.0 1.2 8.8 L] 129 = 12x10* 54x10*  85x10° 77 7.2 6.3
6
7
8

1.2 1.2 14 11.6 3ot 157 = 45x10*  37x10°  2.8x10° 6.6 6.5 6.1

10 1.3 14 1.6 12.2 14.9 162 1.3x10* 45x10°  35x10" 6.8 2.5 0.2

11 1.3 1.2 1.7 139 16.5 176 65x10*  1.4x10"  24x10° 7.2 0.4 6.2

12 14 15 1.8 13.8 17.2 188  15x10°  23x10"  6.1x10° 6.5 2.5 6.4

13 1.5 1.5 1.8 14.6 17.5 20.9 6.x10°  46x10°  1.3x10° 0.8 6.2 0.2

14 14 16 1.8 16.1 19.2 224 12x10"  21x10* TNTC 6.6 6.4 4.1

15 1.5 1.7 2.0 15.8 18.3 263  42x10"  3.3x10° TNTC 6.2 0.6 3.9
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Table 16. The changes of acid value, VBN, viable cell count and properties of surimi prepared with
mixing commercial frozen fish paste (threadfin bream (Itoyori), AA grade) and jack mackerel (9:1) during
storage at 5, 10 and 15C for 15days

Acid value Volatile basic nitrogen Viable cell count Properties
(mg KOH/g) (mg/100g) (CUF/g) (score)
5C 10C 15T G 10C 15C 5C 10°C 15C 5C 10°C 15C

0.9 0.9 0.9 74 7.2 8.4 B0, 2.0x 107 _2.8x10° 8.8 8.8 8.8

0.9 0.9 1.0 Ve 9.5 116  1.0x100 50x10° 84x10’ 8.5 8.4 8.0

0.9 1.1 1.2 Il 12.8 135 51x10° 6.2x10° 4.6x10° 8.4 8.0 7.2

12 13 16 11.4 16.8 168  25x10° 1.8x10° 9.7x10° 7.1 7.2 5.2

1.1 1.5 1.7 LYk 16.7 175 49x10° 88x10°  5.8x10’ 7.2 6.8 0.5

0
1
4
5) 1.0 1.3 1.5 10.2 14.6 128 IO 76x107 =a3.5%10° 8.0 7.5 6.4
6
7
8

1.0 1.6 1.6 13.8 L0 188 = 3.7x10°  6.6x10°  1.7x10* 6.9 7.2 6.1

10 13 1.5 1.7 156 18.6 192 48x10° 25x10° 4.3x10° 6.8 7.8 0.3

11 1.2 1.7 1.8 17.8 18.5 201 65x10°  55x10*  5.1x10° 6.2 6.7 5.0

12 13 1.7 1.8 18.3 19.1 223 6.8x10°  3.2x10° 2.4x10° 6.5 0.6 4.8

13 14 1.8 2.2 179 188 21.8  1.1x10* 4.4x10° TNTC 6.4 6.0 4.0

14 14 1.8 25 18.7 21.3 228  41x10* 89x10° TNTC 6.1 5.2 3.8

15 15 2.0 24 20.0 20.9 241  62x10" 1.6x10* TNTC 6.6 0.8 3.7
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Table 17. The changes of acid value, VBN, viable cell count and properties of surimi prepared with
mixing commercial frozen fish paste (threadfin bream (Itoyori), AA grade) and mackerel (7:3) during
storage at 5, 10 and 15C for 15days

Acid value Volatile basic nitrogen Viable cell count Properties
(mg KOH/g) (mg/100g) (CUF/g) (score)
5C 10C 15T 5C 10C 15T 5C 10C 15C 5C 10C 15T
0 09 1.0 0.9 72 6.8 70  20x10° 20x10° 20x10° 86 8.6 8.6
1 1.0 1.0 1.1 8.2 7.8 9.8  56x10° 64x10° 58x10* 85 8.3 8.3
4 11 1.2 1.3 9.5 10.2 102 25x10° 57x10° 9.8x10° 85 8.2 7.8
5 11 14 14 105 126 136  65x10° 4.8x10> 4.8x10° 83 8.0 6.8
6 12 1.4 1.6 9.8 134 148 = 6.8x10° 6.7x10° 54x10° 80 79 7.1
7 13 15 1.7 116 135 162  97x10° 14x10° 62x10° 79 7.7 6.7
8 14 16 1.8 132 14.9 173 1.8x10° 27x10°  7.8x10° 75 75 6.6
10 1.3 15 1.7 146 156 168  85x10° 58x10° 16x10* 74 6.8 5.4
11 15 16 1.8 13.8 169 185  94x10°  64x10* 25x10° 75 72 5.2
12 14 1.7 1.8 14.7 16.6 188  48x10° 36x10° 51x10° 75 6.7 5.3
13 15 1.8 1.9 15.3 17.3 216  59x10* 4.8x10° 2.7x10* 7.2 6.5 5.1
14 15 1.7 2.1 155 189 247  76x10°  6.1x10° 69x10° 6.8 6.3 A7
15 16 1.7 25 16.1 235 263  34x10° 63x10° TNTC 65 6.2 43
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Table 18. The changes of acid value, VBN, viable cell count and properties of surimi prepared with
mixing commercial frozen fish paste (threadfin bream (Itoyori), AA grade) and mackerel (9:1) during
storage at 5, 10 and 15C for 15days

Acid value Volatile basic nitrogen Viable cell count Properties
(mg KOH/g) (mg/100g) (CUF/g) (score)
5C 10C 15T 5C 10C 15T 5C 10C 15C 5C 10C 15T
0 10 1.1 1.1 72 7.0 75  20x10° <20  20x10° 88 8.8 8.8
1 1.0 1.2 1.2 45 9.8 116  40x10° 12x10° 54x10° 88 8.4 8.1
4 12 1.2 14 7.3 10.1 139 62x10° 35x10° 12x10° 87 8.3 7.4
5 11 1.3 1.3 10.4 126 138  32x10° 56x10° 63x10° 84 7.8 6.8
6 1.1 1.2 1.4 7.8 13.8 166  1.8x10° 45x10° 8.0x10° 82 8.0 6.7
712 14 1.6 123 14.4 166 = 62x10° 23x10°> 45x10° 86 76 5.8
8 12 15 1.7 13.7 14.3 187  24x10°  46x10°  59x10° 8.1 7.7 6.1
10 1.3 16 1.8 13.3 159 186  29x10° 35x10° 6.7x10° 75 79 5.4
11 13 15 1.8 14.8 17.3 199  62x10° 52x10* 83x10° 7.2 6.8 55
12 14 1.7 1.8 14.2 16.8 242  15x10° 69x10" 46x10° 6.8 6.5 51
13 16 1.8 1.9 152 195 224 83x10* 4.1x10° 3.1x10° 7.0 59 5.0
14 15 1.8 2.1 156 182 256  51x10° 3.8x10° TNTC 66 5.4 A7
15 16 2.0 2.3 16.4 215 287 83x10° TNTC TNTC 69 5.6 4.4
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Table 19. Predicted shelf-life of fish cake according to quality index

Shelf-life (day)

Index Guideline 5C 10C 15T
A BCDEADBCDEADBTCDE
Acid
less than - - - - - = - - 141413 14 13 12 13
value
Volatile
) less than
basic - = - 14- - - 14131312 12 12 10 11
] 20 mg/100g
nitrogen
Viable less than
cell 10,000 12 1312121210 101010108 8 8 9 &8
count CFU/g
Score more that™s! —gw————=me® *¥ .- 13 13 13 11 13

Shelf-life (day)

121312121210 101010 108 8 8 9 8
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