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Quality Evaluation by Sensory Evaluation and Physicochemical Analysis

during Storage of Clams

Choi So Hee

Department of Food Science and Technology, The Graduate School,

Pukyong National University

Abstract

Manila clam (Venerupis philippinarum) has been consumed a lot in Korea and
other countries for various cuisines and represents 25% of commercially
produced mollusks in the world. Consumption of the clam increases steadily
in Korea because of its nutritional value and reasonable price, so it also
shows increase in imports from lots of countries including Southeastern Asia.
But the imported ones often cause some problems in its sanitary because it
1s easy to go bad. One of those reasons is the deficiency of exact and
scientific data on the freshness criteria in the sensory test of the imported
clam. So the purpose of this study is to analyze the changes of chemical and
microbiological index and headspace volatile compounds according to 5
grades of sensory evaluation. In sensory results, the freshness of the clam
which stored at 25C was divided into 5 grades in the case of with—shell and
without—shell by changes of its appearance and odor. As chemical analysis,
trimethylamine (TMA), total volatile basic nitrogen (TVBN), pH and K—value
were measured. TVBN of the clams in presence or absence of the shell was



3onstantly increased, showing correlation with those of sensory evaluation.
In microbiological test, viable cell counting was carried out which also
increased steadily and showed rapid increment after 15 hrs. Volatile
compounds were measured with headspace method, sulfur—containing and
ester compounds of the fresh clam showed the big increase from the rotten
one, and ethanol content showed good relationship with storage time. These
results of this study will provide scientific data which backed up freshness of

Manila clam in order to examine imported clams easily and reliably.
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1. 438 A=

2 Ao AREE mpAERe FARGAA] dH Ao A g o
Hd RS Fete] AdARr %71 T Ao 3t migl¥ Ao
AL o) E (KI-B5hL, Koencon, Korea) 25Co|A H.3#3+9 ).

T F ouE AL RS AR AF 0 hrE 8aL, 5 hr 1Fo® F

20 hr 7HA SlPEHE RS FAAR MuEstel A8 WS

USA)E olgsiglitt. pH 5383 924 4% w42 Aol = 4

PR AAskglom o8] Ade HE ol #AQIel 2 7 A

2. 49 OH
2—1. Trimethylamine (TMA) &3
Agolel vBlEY AJE<Ql trimethylamines headspace®™ 2 ©] 83}
gas chromatography/FID (Hewlett Packard, 5890 plus, USA) % =43}
Gtk B 40 mL vialel &3 AR 3g& ¥ T 25% NaOH
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Table 1. Analytical condition of GC/FID

Analysis equipment

Analytical condition

Column

He flow
H, flow
Air flow
Oven condition
Inject temp.

Detector temp.

RTX - 35 AMINE
(30m x 0.53mm x 1um)

6.5 ml/min
27 ml/min
275.5 ml/min
50C (5min) — 10C/min — 150C (15min)
2507TC

250C




2—3. K—value &%

K-value= AlAdo]fel] tish 7] A= ZAROE AQtE A xo|t},
AlE 10gel 10% perchloric acid €9 20mLE Y3l stirrer (Daihan
Scientific Co. Ltd., MSH—30A, Korea) & 30&%%F RIS & 4T, 3000
rpmel Al 10&3F A4 FEeEste] AdFds Hush Eev W RIS

S5N-KOHZ o]&3to] pH 6502 YW1 100mLE A-g3dc). o)A L

ANg=z Y. 4o AFE%¥ high  performance  liquid
chromatography (HPLC; Thermo Fhisher Scientific Inc., U=3000, USA)
A 2702 ofdf Table 2 ¢ 29kt ADP, AMP, IMP, Inosine ¥FE4
o HE W8S RTOE AR IAXHuFE wote] AL & of 43

o] K—value?| #= 783t

\HrR+ Hr)

Kzt (%) = ATPT ADPTAMP+ IMP+ HrR+ Hz e

2—4. AvkAFF &34

ARkt AFF A EH e =B (MFDS, 2017)
wtg} plate count agar (PCA; Difco, USA) o AAS &3+ S AAH vl
< A M AErE Agste] AEskith 4 A 1 mLE FH S

0.85% Wit A2 245 9 mLell 107° A7 A&kt 7t A 3



Aol 1 mLe} 43~45° CZ 2%l sk uf#] 15 mLE " petri—dish

of EFsle] #F Aol #Z31 T 35+1° Co  Fd&ujekr] (Jejotech,

OF_02GW, Korea)°llAl 48A1ZF uj¢fsto] AdE A7t 15~300

CFU/plate}l -7 otei ek o] AAtsiaivt

2C
CFU/g (mL) = 11170+ (01%n)<(d)

C: AR
n, : petri—dish® HH&=4=

d: Aeo] AT 3

e

A PCAS| 34



Table 2. Analytical condition of HPLC

Analysis equipment

Analytical condition

Column
Detector
Temperature
Flow rate
Injection

Mobie phase

Cleaning

Charging

Cys — 300x3.9mm (Waters, Milford, MA, USA)
UV detector 254nm
40T
0.8mL/min
200
1% Triethtlamine—perchloric acid

50:50 (Meth:DW)
20:80 (Meth:DW)

100% methanol




2—5.pH &3

2

H X

A

pHe= Az o A= FAolu 27 F3f 52 &g 3o A

<

7}

i

E2AM ARE A2 AR 24T F ARFA 10WMEY SRT

t}, 34Ut AR 30% F F=3% & pH meter (Thermo, Orion star

e

A211, USA)2% A= (Orion star, 8157—Bnumd, USA) A% % pHE

Jeheint.

g HAELS 2x 9 827 (Automatic thermal desorption, ATD;

Perkin—Elmer, Waltham, USA)& ©]&3%F gas chromatography/mass—
selective detector (GC/MSD; Shimadzu, QP2010 plus, Japan) & %43}
Gom Uk A E9] headspacer 2 3F-H3E (Shimadzu, VPC—-10, Japan)
o} AFFHFAS o] &3+ Tenax—Ta (Supelco, Bellefonte, USA) ol &
ZA Ak ATDS} GC/MSDE] b #7112 ofef Table 33 ). 3heh=

o TR vH 7Y

7)<% = (National Institute of Standards and

F
N

Technology ; NIST, Gaithersburg, USA)¥ Wiley online
library (Hoboken, NJ, USA)¢| 7|&%d A& AHEHIS vlu s Hfg o
2 AAER e FAE 3N sgEe AL S peak area

normalization method® =73} t}.



Table 3. Operating conditions of headspace volatile compounds analysis

Parameters

Conditions

Primary tube type

Cold trap type

Tenax—TA

Tenax—TA 20mg

1°" Desorption 350°C — 4 min
2" Cryo temp. -30TC
ATD—-400
2" Desorption 350C — 1 min
Desorb flow 50.2mL/min
Inlet split No
Outlet split 11.5mL/min
35C — 10 min
8C/min—120C — 10 min
Oven temp.
12C/min—80TC — 7 min
15C/min—230C — 10 min
Column AT1-60mx0.32mm X 1.0xm
Interface temp. 230C
GC—-MS
Mass range 20~350 m/z
Column pressure 15.9psi
Injector temp. 2307TC
Detector temp. 2507TC

Carrier gas

Mass filter type

Helium (99.9999%)

Quadrupole

11



solAl B7he AL AF A0 hr 2 dho] 27 1417 170

it
w
&
>,
Y

BE AY Ay FHagy g58AE HeERpgleH ds HUF A3
SAS &4 T2 7% (Ver. 9.3, Statistical Analysis System, USA) S o] &
3}o] analysis of variance (ANOVA) (p<0.05) 2 A3t &, p<0.05 &

oA Duncan's multiple range testE& %3dlo] F2AdS H WSt
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1. A% A3t @2 Trimethylamine, VBN, XA,
pHe| W3}

Trimethylamine®] #> Akl mep A A3 F7tetalovt A4
Fof #AGel A AZE 0 hr FE ou FA %7] 7|Ed 3~4
mg/100gS Z7ste] vA o] Ax #A o NEEAE FH st &
GEth (Fig 1). FAHES o3 5o &5
trimethylamine, dimethylamine 2% ¥ 3¥A Edo] =3 HOL
Aw7b "olde] uwal F718ch VBNS dutz oz AAE o] Koa=
5~10 mg/100g, B%F oS 15~25 mg/100g, H3 Z7]l Sl o
ol 30~40 mg/100g, & F3 3 ool = 50 mg/100g ©]7<]

&g e gael At A99 9E A% 2E AF A S hr o F

58] A4ol gl A9t olvl A% AT 0 hr RE AF Ho)7] Wil
X
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A5kt (Fig 3). Lt o R o372 d=ef w pHE ®sh= 7.2~7.3
o7 FAolduprt 3 7] AFlA AHAdel pH 5.6~6.09 #As ¥
THAl §171744Q1 pH 8.0 oo ® Frlshs A &S Helth ukA=r o] pH
= A% AR 10 hebAl #asitrt S7ksks 2102 Hob o] AR 7hA]
A7V 23 gyl 1 o)lT R Fusts Aow 7H5E"ETH(Fig 4). 1Eu 9]

S W3t Aok vvlstar ol 2719 pH 2 o7 T U

Felel mek Zpol7h glorm of s Finte] o] & 4 9l AnbH<l W

Yo g AREsH s oHe Ao ddd

o

2. AA Azt W& K—value & W3}

K-valuet o179 AANEE 7M1 & U=

o
Lo,
%
X
N
=4
!
>
]
2
1o

AL 0~10%, 37Fe] A 10~20%, Lwto]S2] A% 20~50%. 7154

29 A 35~60%2 WY QoY 60%E = A 7] FIdEE
3 HuE(Usui, 1979). A AlZF 0 hr oA HAo] Q= vAHS

K—value7} 2F 40%, A2 U= A2 oF 302 AHF o 52 HY o &3}
Ak MM o F7F 10% el Mgl %38k Ao vlshd Hwd H2
TAE YeRdTE bpx gk A Aol Q= A9 9l A EF A AZE

15 hr ©]% 60% 5 %335ty Fuj7} Alzte Ao
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0 5 10 15 20
Storage time(hr)

—o— Withshell Without shell

Fig 1. TMA contents of Manila clam with and without shell during the storage
at 25C
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Fig 2. VBN contents of Manila clam with and without shell during the storage
at 25C
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Fig 3. Viable cell counting of Manila clam with and without shell during the
storage at 25C
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Fig 4. PH change of Manila clam without shell during the storage at 25T
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Fig 5. K—value contents of Manila clam with and without shell during the

storage at 25C
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Table 4. Headspace volatile compounds identified from Manila clam according

to different storage time

Area
No. | Alcohols Rt O hr 5 hr 10 hr 15 hr 20 hr
1 Ethanol 3.779 2,964,055 | 80,860,968 | 181,578,206 | 238,750,883
2 1—Propanol 5.574 9,253,100 | 40,694,150 | 56,172,596
3 (56Z) —Octa—1,5—dien—3—0l 21.912 1,405,406
4 2—Propyl—1—pentanol 23.633 | 1,625,932
5 1—0Octanol 25.079 | 2,225,735
No. | Aldehydes Rt 0 hr 5 hr 10 hr 15 hr 20 hr
1 Succinic anhydride 4.001 2,730,385
2 Hexanal 16.346 1,734,698 1,413,083 845,292
3 Decanal 31.517 2,490,800
4 2,4—Decadienal 34.628 | 4,379,107 | 3,530,617 | 3,558,252 3,891,465
No. | Aromatic compound Rt 0 hr 5 hr 10 hr 15 hr 20 hr
1 Benzene 15.276 | 2,860,131 | 1,747,340 | 2,394,149 968,319
No. | Esteres Rt O hr 5 hr 10 hr 15 hr 20 hr
1 Formic acid, ethenyl ester 3.342 6,684,495
2 Acetic acid, ethyl ester 7 Ol 1,436,668
3 Ethanethioic acid, S—methyl ester 11.793 5,189,799 2,790,887
4 Propanoic acid, ethyl ester 12.909 558,073
5 Butanoic acid, ethyl ester 16.653 1,025,481
No. | Furan Rt O hr 5 hr 10 hr 15 hr 20 hr
1 4H-Pyran—4—one, 2,6 —dimethyl 3.407 | 3,076,439 5,494,731 18,076,243
No. | Ketones Rt O hr 5 hr 10 hr 15 hr 20 hr
1 Acetone 4.102 1,449,405 | 1,692,824 31,572,513 21,774,816
2 2—Hexanone, 4—hydroxy—3—propyl | 4.207 2,135,822 | 7,588,247
3 Pentane 4.476 865,984 5,263,239
4 1-Penten—3—one 11.145 1,855,071 2,093,178 1,501,293

23




5 1-Penten—3-ol 11.441 | 1,911,329 | 4,497,926 | 1,779,290 6,205,142 3,118,852
6 3—Octanone 22.04 2,527,774 1,477,061
No. | Sulfides Rt 0 hr 5 hr 10 hr 15 hr 20 hr
1 Dimethyl sulfide 4.725 26,797,595 7,153,949
2 Carbon disulfide 5.119 1,207,156 | 1,449,093
3 Disulfide, dimethyl 13.977 1,225,245 1,509,327 1,777,255
No. | Nitrogen Rt 0 hr 5 hr 10 hr 15 hr 20 hr
1 Benzothiazole 33.038 | 13,820,171

24




Atrial siphon

Inhalent siphon

Fig 7. Name of the part of Manila clam
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Table 5. Items of sensory evaluation items and freshness scores for Manila

clam

Classificatio

n

Item

Evaluation standard

Score

Freshness

Foot,
Atrial
siphon
and
Inhalent

siphon

e Color : Vivid flesh—colored, overall.

« Elasticity : Has elasticity and is restored
immediately when pressed.

e Appearance : Has a lot of moisture and

smooth surface.

» Color : Vivid flesh—colored, overall.

o Elasticity : Has elasticity and is restored
when pressed but restoration of inhalant and
siphon is somewhat slow.

» Appearance : Has moisture and smooth

surface.

e Color : Dark flesh—colored, overall..

» Elasticity : Has no elasticity and it takes
several seconds to be restored when pressed
o Appearance : Has a little moisture and

smooth surface.

e Color : Dark flesh—colored, overall(closed to
yellowish color), Color of atrial and inhalant
siphon of some individuals has faded.

« Elasticity : When pressed, partially restored.
e Appearance : Almost no moisture and

surface is sticky.

e Color : Very dark flesh—colored, overall.
Atrial and inhalent siphon’ s color has almost
faded in most individuals.

« Elasticity : When pressed, not restored.

o Appearance : Has no moisture and surface

26



looks like melted.

e Color : Bright ivory or gray
e Condition : Resilience is fast when pressed

and has lots of moisture.

e Color : Light gray
e Condition : Resilience is fast when pressed

and has a little moisture.

e Color : Turbid skin color

e Condition : It takes a few seconds to restore

Gill
when pressed, and has little moisture.
e Color : Turbid gray—brown
o Condition : Only some parts are restored
when pressed, and there is more amount of
mucus than water.
e Color : Dark brown
e Condition : When pressed, it’ s not restored
and has lots a lot of mucus.
Original fresh smell, A salty sea smell
Original smell, A slight sea smell (Description :
Sand smell)

Off- Damp mud smell

flavor

Rancid flavor (Description : Stinky smell)

Putrified flavor (Description : A pungent odor,

Strong metallic flavor)

27
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