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Table 1 Properties and texture values of 5 Kkinds of fruits and vegetables

Density/(g » mL™') Water content/ % Soluble solids/ °Brix Hardness/g Resilience
Litchi 1.063£0. 005" 82.0044£0.037° 18.34=+0. 21° 1193.8+40.15° 0.124+0.015"
Grape 1.03840.021" 84.64140. 015" 14.05+0. 35" 204. 02415, 45" 0.03740. 005"
Carrot 1.02840.017" 88.490£0.012°¢ 7.474+0.13° 13737.24+375.72° 0.457+0.037°
Pear 0.986+0.007° 88.67240.028° 10. 5240, 26¢ 2470, 24454, 28¢ 0.07740.016¢
Apple 0.86140.012¢ 82.70340.027¢ 12.794+0. 33° 3151.40485.47¢ 0.161+0.024°

Note: Superscript letters in each column indicate statistically significant difference (P<C0.05).
DB Y TR 32 F A AR RE R R 2 A G A D AR I RE R R A AR R P AR R R ORI R A
R VAL B, R T AE T RSS2 r R ARG 3 A A0 A0 B A R L R TR] R Y SR B E 4 A RE A R 2 1) 25 4
AN B R F R S R 2 AR AR 4R R S RART 0.5 00 . 40 M RE Y AL BRGE B S L JE T T b
FARARIVLER s AR SIS ASA & N (IR R A R AR T m T 2. 0% 4 M BE A A 40 KL 8 T
MR i R A AR 1 RE 2.0 LU L X 5 R L B AG R RN A R AR AR bR ANAE AR A G OE R
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(c) Carrot
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Fig. 2 Microstructure of 5 kinds of fruits and vegetables
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a2 g Ljchi Grape @ Carrot § Pear 8 Apple

8 Litchi @ Grape @ Carrot § Pear & Apple 107
1

200 300 400 200 300 400 500
Pressure/MPa Pressure/MPa
B3 S[R3 S R R AR R & 4 AR AR 32 e 7 Ak LS B AR A
Fig. 3 Volume change of different fruits Fig. 4 Weight changes of different fruits
and vegetables after HPP and vegetables after HPP
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NI F7 AL X 5 Fh SR g i 1 B (i sE ma an 181 5 95 B e LA R [R] L bR o R 28 5 B 3 (P<<0. 05)
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JE T A 1 T B RS 1 0 T O R R i A B BRI SR B A AR A RN — B, SR R B
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Tl J3 AN P4k 2 T %
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Fig.5 Effects of different pressure on hardness of fruits and vegetables
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FE4i . BEUIFEA SEI0 250 T L SR P i 28 RAE 200 MPa s 3/ FT R 284k L 1T 7E 200 MPa s )
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g. 6 Effects of different pressure on resilience of fruits and vegetables
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(a) Litchi
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(c) Carrot
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B 7 REVE 3R 5 FREALHE 5 min J5 B HOMES 4
Fig. 7 Microstructure of 5 kinds of fruits and vegetables treated for 5 min under different pressures
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Fig. 8 Effects of different holding times on hardness of {ruits and vegetables under 400 MPa
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Fig. 10 Effects of different holding times on microstructure of 5 kinds of fruits and vegetables under 400 MPa
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Effect of High Pressure Processing on Texture
and Quality of Fruits and Vegetables

LI Biansheng'**,SU Fangping' . ZHU Yuefu' ,RUAN Zheng'**,
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Abstract:In order to explore the effects of high pressure on the texture and quality of fruits and
vegetables in different varieties, we selected 5 kinds of fruits and vegetables with different density,
water content, microstructure and texture to analyze their data under different conditions of ultrahigh
pressure treatment. The results showed that the texture of fruits and vegetables could affect their
pressure resistance. Softer texture and less vacuolar structure exerted a good influence on pressure
resistance whereas the volume of fruits and vegetables was apt to be compressed with more vacuolar
structure and harder texture. There is great difference in volume variation because fruits and vegetables have
different textures. The texture index would decrease more obviously after high pressure treatment, when the
{ruits and vegetables have higher density and greater hardness. The prolongation of the holding time will
further damage the texture and structure of fruits and vegetables.

Keywords: high pressure;{ruits and vegetables;texture;quality
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Abstract: The aim of this work was to evaluate the effect of high pressure processing (HPP) with different
holding time on the quality of pomfret ( Pam pus argenteus) during cold storage. Different processing times
(10,20 and 30 min) at 200 MPa were applied and HPP treated pomfret were compared with untreated
samples. Microbiological parameter (total viable count (TVC)), physicochemical (pH and total volatile base
nitrogen (TVB-N) ., color difference, water holding capacity ( WHC) , texture profile analysis ( TPA)) and
sensory evaluation were performed respectively after the application of high pressure treatment on pomfret at
the interval of 2 d (2 days). The significant difference (P<(0. 05) regarding the results have been observed
between HPP and CK group after 2 d storage on the values of TVC,pH,TVB-N,AE(Total color difference) ,
WHC,TPA and sensory score. The controlled groups were the first to present signs of degradation reaching
rejection threshold values for all evaluated parameters. The shelf life of CK group was only 4 —5 d. HPP
treatment has shown to be effective in inhibiting microorganism growth, protein degradation and the drip loss
in samples and the texture characteristic of samples can be better maintained. The results of correlation analysis
of different groups suggested that the correlation between AE, pH, TVB-N and TVC were significant. The
shelf-life of treated pomfret samples can be extended from 4 d to 8 —12 d and the optimal condition of fresh
keeping effects was 200 MPa and 30 min.
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Pomfret ( Pam pus argenteus) , also named as butterfish, belongs to marine fish of Pompanos,
which is mainly distributed in the Yellow Sea,Bohai Sea,East China Sea and South China Sea. Pomfret
is rich with unsaturated fatty acid and microelement,such as selenium and magnesium, which has a po-
tential protective effect on hyperlipidemia,high cholesterol,coronary atherosclerosis and other cardio-
vascular diseases'’. Pomfret possesses high nutritional, edible and economic values,which is one of the
important commercial species along the coast of China*. Nevertheless,similiar to other aquatic prod-
ucts, pomfret is easy to be spoiled during industrial processing,and hence, the quality of the pomfret
could be reduced due to the influence of geography, climate, fishing season and equipment condi-
tions"*!. Therefore, the use of high pressure processing (HPP) treatment on preservation of pomfret
fillets during cold storage has great research significance and application value.

HPP is a non-thermal food preservation method and an alternative to traditional heat processing.
It could minimize the quality decrease and nutrition losses without changing the structure of covalent
bond or causing other undesirable changes associated with thermal processing,so the nutritional com-
ponents of small molecular in bio-materials can be well kept"™. HPP leads to a lot of changes in cell
membranes, ribosomes, enzymes and thus affects the biochemical activity of microorganisms-*. Previ-
ous works have demonstrated that the shelf life of fatty fish species under frozen storage condition
could be prolonged by HPP treatments as a pre-treatment before freezing. The inhibition of lipid hy-
drolysis was also reported in Atlantic mackerel™ and horse mackerel under the HPP conditions. The
use of HPP has been approved by FDA and USDA ,which is considered as a dependable technology in
food processing. Hence,high pressure is a promising and novel technology to suppress the growth of

L1 wwhich has the potential effect to extend the shelf life of seafood™?!.

microorganism

HPP technology for food processing is to put food material into a high pressure vessel where lig-
uid such as water is used as the medium to transfer pressure. Then,a certain time in isostatic pressing
process (100—1000 MPa) could be maintained, which led to the death of microorganisms and the de-
naturation of protein so as to cause the damage of non-covalent bond in food. Therefore, HPP technol-
ogy has an effect method for inactivating enzyme, improving food quality and extending the shelf
life"*. But in previous research,the results show that HPP at 250 —300 MPa can result in unwanted
changes in fish products such as acceleration of lipid oxidation, discolouration and cooked appear-
ance'’, HPP at 200 MPa can increase the shelf life of herring and haddock to at least 13 days. The ob-
jective of present work was to study the effect of different holding time at 200 MPa HPP treatment in
the quality change of pomfret fillets so as to find the optimal holding time with HPP for prolonging

the shelf life of pomfret fillets.

1 Material and Methods

1.1 Sample and Pretreatments

Fresh pomfret (Pam pus argenteus) samples were obtained directly from the local fish market
(Luchao Harbor,Shanghai,China) with a mean weight varying from 200 g to 250 g in October 2016.
Samples were delivered to the laboratory on ice within 30 min. After being gutted,washed,filleted and
trimmed in a water-ice mixture, 100 g fillets (15 cm in length and 10 cm in width) were separated into

4 lots randomly.
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1.2 High Pressure Processing (HPP) Treatment

Pomfret fillets were individually placed in polyethylene/polyamide bags and vacuum-packed. The
samples were treated in a high-pressure processor (HPP. 1.2-600/2 Ultra High Temperature Sterili-
zing Machine, Huatai Sen-miao, Tianjin,China). The pressure transmission fluid was mainly produced
from potable water. Pressure come-up time was approximately 10 s/8 MPa and pressure release time
between 10 and 15 s. The initial water temperature was 10 “C and the increase in temperature due to
adiabatic heating was approximately 2 °C /100 MPa. Samples were pressure-treated in batches with
200 MPa in 10,20and 30 min at 20 °C ,respectively,which were designed as sample HPP10, HPP20 and
HPP30 respectively. The control samples were held for 10 min at ambient pressure (0. 1 MPa) at 20 °C
(CK). To avoid quality changes of fillets, the samples were kept on ice and pressurization treatments
were performed as soon as the fillets were prepared. After HPP treatments,the samples were immedi-
ately stored at 4 °C and analyzed in triplicate after 0 (fresh meat),2,4,6,8,10,12 d of storage.
1.3 Microbiological Analysis

Bacterial counts were determined using the spread plate method with GB/T 4789. 2—2016. Deci-
mal dilutions of samples were prepared in sterile 0. 1% (w/v) peptone solution in duplicate. From this
dilution,other decimal dilutions were obtained and 1 mL of three dilutions was transferred in triplicate
to Petri dishes containing 15 mL commercial plate count agar (L.and-Bridge Technology Ltd, Beijing,
China). Total viable counts (TVC) were determined by counting the number of colony-forming units
after incubation at 30 °C for 72 h. Microbial analyses were carried out on day 0,2,4,6,8,10 and 12 for
each pressure treatment and for the corresponding control samples. Results were expressed as
lg CFU/g (Colony Forming Units).
1.4 Physicochemical Analyses
1.4.1 PH Value

PH value was measured using a digital 320 pH metre (Mettler Toledo, Zurich, Switzerland) to
demonstrate the hygienic standard of fish and other aquatic products according to GB/T 5009. 45 —
2003.
1.4.2 Total Volatile Base Nitrogen (TVB-N)

TVB-N values were determined by FOSS method with the Kjeltec 2300 (FOSS, Hiller, Denmark)
and expressed in mg nitrogen per 100 g fish sample.
1.4.3 Instrumental Color

Instrumental color was measured with the Color Difference Meter (CR-400,Konica Minolta (Chi-
na) Investment Ltd, Shanghai, China) on the reflectance mode for the pomfret fillets in different
groups. Color was expressed in L™ ,a” and b° values. Readings were reported in L~ (lightness),a”
(reddgreen),b" (yellow £ blue) and AE for total color difference. The calculation of AE was made
with the following equation.

AE=[(L" —L/) 4+ (a" —al )*+ (b —b )1 (D
where L, ,aq b, are the values for untreated pomfret fillets and L " ,a” .6" are the values of samples
with HPP.

1.4.4 Water Holding Capacity (WHC)

WHC was measured with the modified method of Sdnchez-Alonso et al"*®!. Briefly,a 5 g piece of
fillet (W,) wrapped in a filter paper was centrifuged (800 r/min,10 min,10 C). After centrifugation,
the filter paper was removed and the fillet was weighted (W ;). Wyuc was expressed as gram of water

in fillet after centrifugation per 100 g of water initially present in fillets.
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Wne (%) = (W, — W) /W, X 100% (2)
1.4.5 Texture Profile Analysis (TPA)

TPA was carried out so as to know the effect of pressure with different holding time on the me-
chanical properties related to the sensory properties of human, which performed using the TA. XT tex-
ture analyzer (Stable Micro Systems Ltd,Surrey, UK). A flat-ended cylinder (P/6) with a diameter of
6 mm was used and the size of the fillets was 10 mm X 10 mm X 10 mm. The flat-ended cylinder ap-
proached samples at a speed of 1 mm/s and penetrated into fillets to a sample depth of 50% of the
thickness of sample. Then, the force was reduced and the fillet was allowed to rebound 5 s with the cyl-
inder just touching the surface. The load sensor type is Auto-5 g,the data collection rate is 200. After
this,the cylinder was pressed on the fillets for triple time. Two parameters were then calculated: the
hardness and chewiness. Hardness is the peak force of the first compression cycle,while the chewiness
is the energy required to masticate solid food to a state of readiness for swallowing,obtained from the
calculation of hardness,cohesiveness and springiness.

1.4.6 Sensory Evaluation

The sensory evaluation of Pomfret fillets was shown in Table 17, which was made by the evalu-

ation methods of marine fish. Sensory score of the sample was performed according to color,odor,tex-

") with

ture and appearance by five members trained panelists from the laboratory using the method"
some modifications. Each assessor scored for each parameter from 1 to a maximum of 5, where 5 re-
presented the freshest quality. Scores of separate characteristics were evaluated respectively, then
summed to give the comprehensive sensory evaluation. Panelists were asked to describe whether the
samples were acceptable or not,which was used to determine the shelf life of pomfret fillets.

Table 1 Sensory evaluation of pomfret (Pampus argenteus) fillets

Grade Color Odor Texture Appearance

Best(5) Extremely bright Fresh flavor Extremely firm Rich in elasticity
Better(4) Very bright Fresh seaweed flavor Very firm Very elasticity
Normal(3) Moderately bright  Moderate seaweed flavor Moderately firm Moderate elasticity
Worse(2) Slightly dull No flavor Slightly soft Slightly elasticity
Worst(1) Very dull Spoiled flavor Very soft Inelastic

1.5 Statistical Analysis

Statistical analysis was conducted using origin (Pro) 7.5 (OriginLab Corporation, USA). All
pressure treatments and measurements were conducted in triplicate. The results were expressed as
mean=®S. D. . The average and standard deviation of the data corresponding to the elemental composi-
tion analysis, AE, WHC, TVB-N and TVC were calculated and one-factor analysis of variance

(ANOVA) was performed for each of the parameters measured as a function of the storage time.

2 Results and Discussion

2.1 Microbiological Analysis

Total viable count (TVC) is one of the most representative indexes for quality assessment. Varia-
tions of TVC in pomfret fillets during refrigerated storage were shown in Fig. 1.

The TVC in control fillets was 5. 50 lg CFU/g in initial storage and increased to 6. 35 lg CFU/g
by day 3 (Fig. 1). HPP is effective for reducing the number of microorganism compared with that of
CK one. Fillets in CK group had reached the unacceptable limits in day 10 (7. 17 lg CFU/g) ,but TVC
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of HPP20 treated fillets reached at 5. 96 lg CFU/g. HPP30 almost doubled the shelf life to 12 d,
HPP10 and HPP20 can prolong the shelf life of pomfret fillets for at least 10 d and 12 d,respectively.
Cell membranes,in particular,were employed as the main target for high pressure inactivation of bac-
teria,and also,influenced the permeability of cell. Thus,it could further interfere with its transmission
mechanism which brings about the lack of nutrients, the change of pH value and finally due to the
death of cell "'/, The TVC of fillets was decreased

757
. . . . —— CK —e— HPPI10
along with the longer holding time. The effective-

- HPP20 - HPP30 A g
Acceptability limit
I

ness of HPP for inhibiting the microorganism
growth of seafood was reported previously and had

the similar results in this research,including alba-

[19] [20]

core tuna"’, cold-smoked salmon and sea
bass'?". Bugueno'® observed cold smoked salmon

when subjected to HPP (250 MPa for both 5 and

10 min) and reported that the control fillets can 0 2 4 6 8 10 12
Storage time/d

Total viable counts/(Ig CFU/g)
o
=)

keep the acceptable limits for only 6 weeks based
on the results of sensory evaluation and microbio- Fig. 1 Variations of TVC in pomfret fillets
logical analysis, but the fillets in HPP treatment during refrigerated storage

can be extended the shelf life for another 2 weeks.

As defined by the International Commission of Microbiological Standards for Foods, the maxi-
mum acceptable limit of microbial parameters in fresh and refrigerated aquatic products is
7 1g CFU/g. Briones et al"'* also reported that 550 MPa HPP treatments for 3 min can decreased the
number of mesophilic aerobic and psychrophilic bacteria in abalone apparently,thus the shelf life of ab-
alone in HPP treatment group increased more than 30 d compared with the control one.

2.2 pH Value

PH value,one of the most frequently used physical quality control methods for aquatic products,
is affected by the changes in the concentrations of free hydrogen and hydroxyl ions due to the shifts of
oxidation-reduction balance in food for the activity of microorganisms and enzymes. pH value is mainly
determined by free carboxyl and amino groups with low molecular weight compounds, such as pro-
teins, nucleic acids,and polysaccharides!.

Table 2 showed that pH value of CK group decreased slowly for the first 4 d and increased from
then on. However,pH values in treated group was lower than that of CK group and did not exceeded
the acceptability limit. PH value of pomfret fillets in untreatment group was higher than that of HPP
treated group from day 6 significantly and fillets with HPP treatments were lower than 7. 00 during
storage. In general, pH value of aquatic products had a sharp increase at the end of storage time and

[ who used agueous extracts to keep

exceeded 7. 00. The results were in agreement with Qian et a
fish fresh and found that pH value had a consistent increase from day 0 while the pH value of aquatic
products treated by HPP was lower than 7. 00 generally. Therefore,ultra-high pressure treatment can
restrain the increase of pH value during storage effectively. An increase in pH values show the accu-
mulation of alkaline substances,such as ammonium compounds mainly derived from microbial activi-
ties. A decrease in pH value might be attributed to the inhibition of bacterial growth by HPP treat-
ment in the pomfret fillets muscle. The post mortem metabolism of nitrogenous compounds is mainly

related to the decline of fish quality.
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Table 2 Variations of pH value, TVB-N,AE and WHC in pomfret fillets during refrigerated storage

Storage pH value TVB-N/(mg N/100 g)

time/d CK HPP10 HPP20 HPP30 CK HPP10 HPP20 HPP30
0 6.9240.02bB  6,91+0.015¢  6,9040.028A  6,9240. 01387 19.2441.983A 18, 16+0.51a8 14,4942, 11aC 13,9340, §9abC
2 6.86+0.00bC 6,8840,0524 6.8740,06aB 6,9040,01aB 23.49+1.80aB 19,7241, 87aC 15, 7040, 74acA 14, 2440, 96abA
4 6.87+0.00bB  6,.86+0.02:C 6,82+0.01bA 6,.88+0.06bA 30,4844, 07bA 21,2041, 275C 19,6940, 10bB 17,3140, 64¢<B
6 7.004£0.01aA  6,9440.005¢  6,84+0.00B  6,9040,01bB 35.53+3.65¢A 27,2341,54C 23,5042, 358 22,0640, 882bB
8 7.1540.018A  6,7440.01<C  6.7240.01B 6,780, 04¢B 39.4543.90bA 30.4740.42bC 28, 0240.66PB 24,6740, 658
10 7.2740.04cA  6,62+0.015C  6,.69+0.01bB  6.634+0,02bB 45.1042.823A 38.1640.60aC 31,9241.053B 26, 7141, 80aB
12 7.3940.022¢A 6.62+0.01<C  6,66+0.04B  6,67+0,00B 49,4444, 4238 45,4042, 0487 37, 87+6.32:C 28, 12+0.614C

Storage AE Wiwnce/ %

time/d CK HPP10 HPP20 HPP30 CK HPP10 HPP20 HPP30
0 51.23+0. 683N 47,2246, 308 41,88+0.42bB 38, 80+1.55bC 9.234+1.01bC 11,0541,48bB 12,4741.33bB 15, 04+1,29bA
2 52,0542, 293N 47,5340, 8138 44,7941, 21bB 40,0742, 25bC 9.04+1.36bC 10.2941,95PB 11,16=+1,33bB 14,36+1,27bA
4 53.56+4.00a7A 49,4741, 2628 46,8140, 864bB 43, 59+ 2, 15abC 8.74+1.32¢C  9,564+1,79aA 10,2241,39¢A 12.4141,12¢B

6 55.3940.028bA 53,20+ 1. 142bB 49,8843, 81aB 46,1441, 714C 7.11+1.25PB  8.39+1.27bA 9.31+1.38PA 11,2341.52bC

8 60. 4540, 76abA 57, 47+2, 692bB 55,4644, 67aB 53, 6842, 524C 6.3141.47:C 8,06+1.21¢A 9,28+1.148A 10,.57+1.51aB
10 67.88+2.43PA 59.1342.02bB 57.91+4.85B 55.59+1,82aC 5.2241.06C  7.3141.22aB  7.4741.25¢B 9.42+1.03cA
12 70.29£5.62bA 61.7241. 228 61.41+2.29a8 59.48+2, 3148 5.0441.43C  6.254+1.61cB  7.2841.072B 9.09+1. 2427

Note: (1) Values and standard deviations from three replicates are presented.
(2) Different small letters (a,b,c) in same row are significantly different (P<Z0.05).

(3) Different capital letters (A,B,C) in same column are significantly different (P<C0.05).

2.3 Total Volatile Base Nitrogen (TVB-N) Value

According to Ref. [15] , the fillets in first-grade freshness of TVB-N value is under
18 mg N/100 g,the second-grade freshness is between 18 mg N/100 g and 30 mg N/100 g. As shown
in Table 2, TVB-N value of pomfret fillets in CK group has exceeded 30 mg N/100 g from day 4, which
was higher than other groups obviously.

The minor differences of initial TVB-N values in all groups may be attributable to fish non-pro-
tein nitrogen content for season, size, environmental reasons and initial microbiological quality of fil-
lets. TVB-N values showed an increase trend with the prolonging of storage time. TVB-N content in
untreated pomfret fillets increased quickly and reached 30. 48 mg N/100g at day 4,then kept increasing
rapidly due to autolytic deamination brought about by proteolysis™?”., TVB-N values of fillets with
HPP treatment increase slowly and reach 21. 20,19. 69 and 17. 31 mg N/100 g respectively at day 4.
TVB-N values significantly increased during the following storage time and reach 39. 45 mg N/100 g at
day 8 in control group when compared with HPP-treated fillets, which attained much lower values of
30.47,28.02,24.67 mg N/100 g for 200 MPa at 10,20 and 30 min respectively. All HPP-treated fillets
were classified as better than fillets in control group. Based on the results obtained from this research,
TVB-N value could be used for evaluating the deterioration degree of the pomfret fillets and describing
the changes during storage. The reason for increasing slowly in TVB-N value was explained by general
acidification of high glycogen content that is converted to lactic acid.

Among the pressure treatment conditions,200 MPa for 30 min (HPP30) was found to be the most
effective condition for inhibiting the production of TVB-N value.
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2.4 Color Difference

AE values,as an indicator of total color difference,showed that there was significant difference in
this parameter with different treatment. The smaller the value of AE,the lesser deviation in color with
respect to the reference.

As shown in Table 2,it is found that the lowest score was obtained with a treatment of 200 MPa
for 30 min. According to Silva et al™, the values of AE between 0~0. 2 stand for the imperceptible
color difference,0.2~0. 5 for least difference,0. 5~1.5 for less difference, 1. 5~3. 0 for distinct,
3.0~6.0 for very distinct,6. 0~12. 0 for great,and the values more than 12 for very great difference.
Based on this,untreated fillets (CK) resulted in very great color differences while with very distinct
color differences were obtained by compared with the HPP treatment respectively. AE values of HPP
treated fillets indicated the progressive color changed in different fillets compared to initial values ob-
tained after HPP. Overall, the color values varied depending on the treatment combination and there
was no clear trend as to how the pressure level or hold time was interacted to affect the chromatism
values.

Total color difference (AE) fluctuated due to both pressure levels and storage period. Fillets with
200 MPa treatments had significantly lower AE immediately after pressurization than that of the con-
trol. It suggested that these changes in color parameters by HPP are possibly caused by the denatur-
ation of the myofibrillar and sarcoplasmic proteins. However, lipid oxidation is considered as another
factor for the color change due to the degradation of highly unsaturated carotenoids-**’,

2.5 Water Holding Capacity (WHC)

The unfolding and denaturation of muscle proteins with HPP were also attributed to WHC of fish
muscle. As shown in Table 2,Wyuc of HPP groups were fluctuated during storage. However , W ypc did
not change greatly and treated group still remained in a relatively high level, while the control group
had been in a low level. The pressurization may affect the protein structure of fish muscle and the
water-binding of muscle protein was unstable during storage’

2.6 TPA

Texture attributes like hardness and springiness, which are related to the denaturation of protein,

24]

are often used as freshness indicators for fish"®.
As shown in Fig. 2, the hardness and chewiness were all affected by HPP treatment. Generally the

hardness and chewiness of pomfret fillets are positive correlation as the increase of holding time and

[ = CK  —= HPPIO 500r — CK -~ HPPIO
40Fr 1 —— HPP20 —+» HPP30 r —— HPP20 —+ HPP30
I 1 700}
321 - r
< % 600F
24+ z
§ 5 500
16 400k
8 f 1 L L 1 L 300 1 1 n ) 1 N 1

0 2 4 6 3 10 12

Storage time/d
(a) Hardness

0 2 4 6 8 10 12

Storage time/d
(b) Chewiness

Fig. 2 Variations of TPA in pomfret fillets during refrigerated storage
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gradually decreased with the storage time. The hardness of samples was decreased sharply at the ini-

tial of storage,but the value were relatively steady later. As for chewiness,a decreasing trend,similar

to that of hardness,was observed with storage time.
2.7 Sensory Evaluation

The results of sensory evaluation in pomfret fillets

with different treatment are presented in

Fig. 3. The results indicated that sensory scores of each parameter showed a significant decline in 4

groups with the increase of storage period. Pomfret fillets with the characteristic of fresh fish had a

pleasant taste and odor at day 0. Fillets in CK group at day 6 showed less elasticity and a little dark,

whose sensory score was less than 2 and it means not acceptable. Fillets with HPP treatment remained

good in firm muscle and elasticity. As it demonstrated that the sensory score declined slower than con-

trolled one with the prolonging of holding time under the same pressure condition, which is in agree-

ment with Luo ez al/F* who found that according to sensory assessment, the smoked fish remained a
shelf life of 6 and 8 weeks for untreated and HPP treated (250 MPa for 5 min and 10 min) fillets stored

in cold storage conditions respectively. It was shown that the fillets with HPP treatment got the higher

appearance score than the control one significantly. According to the sensory evaluation,the shelf lifes

of 8—12 d achieved for HPP treated fillets corresponding to at least a 4 day-extension of the shelf life

in comparison with control fillets, it indicated that the shelf life of HPP treated and untreated sample

as determined by the all-around acceptability
sensory scores are 12 d and 6 d respectively. Sasi
et al™ reported the shelf life of seer fish (Scomb-
eromorus commersonii) was 11 d,the shelf lifes of

gold band goatfish (Upeneus moluccensis) and red

Sensory score

mullet (Mullus barbatus) stored in ice were 8 d and
11 d respectively. When combined with the proper
temperature and processing method, it is a useful
method to extend the shelf life of aquatic products.
Zare'®! performed the research of HPP (200 MPa
for 30 min and 220 MPa for 30 min) on microbio- Fig, 3
logical, chemical, and sensory criterion of tuna

when kept in cold enviroment. Lakshmanan

et al

20 min) in refrigerated storage to be extended to 6 weeks.
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Storage time/d

Variations of sensory evaluation in pomfret fillets

during refrigerated storage

also reported the limit of acceptability for pressurized cold smoked salmon (200 MPa,20°C for

2.8 Relationship between AE,pH Value, TVB-N and TVC
When compared with the correlation values of different groups (Table 3), which suggested that

the correlation between AE,pH value, TVB-N and TVC were significant.

From Table 3,the difference of each group between pH value and TVB-N,TVC and TVB-N were
very significant (P<C0. 01). The difference of each treatment group between AE and TVB-N value was
significant (P<<0. 05). With the prolonging of shelf life,the pH value and WHC of each sample were

decreased,which was a significant negative correlation. The values of AE, TVB-N and TVC were all

increased, which was a significant positive correlation. It can be seen that TVB-N and TVC value can

be used as one of the important indexes for evaluating the quality change of pomfret with HPP treat-

ment after different holding time.
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Table 3 Correlation analyses between AE, pH value, TVB-N and TVC of different groups

Group Correlations WHC AE pH value TVB-N
AE 0.117
pH 0.364 0.132
CK - ;
TVB-N —0.249 —0.555"" —0.565""
TVC —0.133 —0.686"" —0.452" 0.884""
AE —0.090
pH 0. 083 0.799" "
HPP10 )
TVB-N 0.025 —0.534" —0.663""
TVC —0.097 —0.717"" —0.931"" 0.768""
AE —0.271
pH 0.014 0.765" "
HPP20
TVB-N 0.017 —0.555" —0.928""
TVC 0.054 —0.575"" —0.933"" 0.980""
AE 0.521°
pH 0. 330 0.582""
HPP30
TVB-N —0.245 —0.494" —0.891""
TVC —0.038 —0.422 —0.869" " 0.839""

Notes: (1) " " means the correlation is significant at the 0. 01 level (2-tailed).

(2)" means the correlation is significant at the 0. 05 level (2-tailed).

3 Conclusions

HPP with 200 MPa treatments have shown to be effective in inhibiting the microbial growth and

the increase of TVB-N,which can remarkably prolong the shelf life of pomfret fillets during refrigera-

ted storage. The effect of sterilization on pomfret fillets has an increasing relationship with the holding

time. The shelf life of pomfret fillets can be extended from 4 d to 8 —12 d by using the proposed treat-

ment methodology. The optimal HPP condition was 200 MPa and 30 min. Therefore, HPP has shown

to have great potential as an alternative technology for extending the quality of pomfret fillets during

refrigerated storage.
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