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超高压处理对不同果蔬结构和性质的影响
*

李汴生1,2,3,苏芳萍1,朱悦夫1,阮 征1,2,李丹丹1,钱 江3,高永焱3

(1.华南理工大学食品科学与工程学院,广东 广州 510640;

2.广东省天然产物绿色加工与产品安全重点实验室,广东 广州 510640;

3.珠海世通超高压技术应用研究院,广东 珠海 519180)

  摘要:超高压处理用于提高食品的安全性和贮藏性已被广泛用于果蔬制品,但主要限于流

态食品,原因是超高压处理可能会影响到固态食品的结构。为了探究超高压处理对不同品种

的果蔬结构和性质的影响,选择了5种具有不同的密度、含水量、微观结构和质构特性的果蔬,
采用不同的超高压处理条件,分析在不同压力大小和保压时间条件下,果蔬结构和性质的变化

情况。结果表明:果蔬的质地会影响其耐压特性,当果蔬质地柔软、空泡结构较少时,耐压性较

好;反之,果蔬的体积容易被压缩,由于组织结构的差异,不同果蔬受压时体积变化差异很大;
密度大、初始硬度大的果蔬受超高压处理后硬度等质构指标下降幅度更大。保压时间的延长

会进一步破坏果蔬的质构和结构。

  关键词:超高压;果蔬;结构;性质

  中图分类号:TS255.1;O521.2   文献标识码:A

  超高压对食品的处理是等静压加工,具有各向均匀性的特点,使被加工原料处于受力平衡状态,只
要食品原料具有一定的弹性,体积能够在一定程度上伸缩,就适合采用超高压处理[1-2]。由于一般超高

压采用的压力较高(100~600MPa),同时果蔬的组织一般较软[3],经超高压处理后,固体形式的果蔬组

织会受到不同程度的损伤,导致细胞壁和中胶层的结构以及胞内生物大分子的组成和数量发生变

化[4-5],造成果蔬的体积、质量、色泽和质构方面的变化[6-8]。目前有关超高压对果蔬结构和性质变化的

研究多集中在细胞壁果胶变化及影响其变化的相关内源酶上,主要取决于细胞膜、细胞壁和细胞间隙的

完整性[9]。Basak等[10]研究了不同压力大小及保压时间对苹果、梨、橙子、胡萝卜、芹菜、青椒和红椒的

硬度的影响,结果发现随着压力的增加,硬度会迅速降低,而在保压期间,硬度会进一步降低或逐渐恢

复,并认为果胶甲酯酶活性是硬度增加的主要原因。Deroeck等[11]研究发现,相比于热处理,高压协同

高温处理的胡萝卜的果胶甲酯化程度显着降低,质构显示出最小的软化现象,且细胞间的粘附变化很

小。Tangwongchai等[12]研究了高压处理(200~600MPa、20min)对樱桃番茄的结构和关键软化酶(果
胶甲酯酶和聚半乳糖醛酸酶)的影响,认为由压力引起的樱桃番茄的结构变化涉及至少两个相关现象,
与液固组分相比,气相(空气)的压缩性更大,施加压力可以使其产生紧凑的结构;当压力解除时,组织中

溶解和压缩的气体将在大气压下重新快速膨胀形成气泡,导致细胞膜渗透性增加,从而促进水分的渗出

和增强酶作用,细胞区室化消失,组织变形软化,而参与进一步软化的酶主要是聚半乳糖醛酸酶,其在

500MPa及以上压力条件下失活。前者主要指压力导致的(细胞和组织)结构变化,后者指结构变化导

致的物理和化学变化,后者的变化又会加剧前者的变化,但前者的变化(结构的受损)程度决定了后者的

变化;前者的变化程度不仅取决于处理的压力,还受果蔬的种类和特性影响。目前关于超高压处理对液

体介质下不同果蔬受超高压处理后结构及品质变化研究较少[13],而且多以研究单一品种的果蔬为主,
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缺乏横向对比,较少探讨和比较不同果蔬在超高压处理后的不同变化。
不同品种的果蔬具有不同的组织结构,所以超高压对其质构等品质的影响存在很大的差异。因此

本研究分析了不同超高压处理条件对果肉结构和性质的影响,同时比较了不同果蔬在相同条件下进行

超高压处理受到影响的差异,以推动高静压技术在果蔬加工中的应用并为开发果蔬罐头或含果肉饮料

新型工艺提供理论依据。

1 材料与方法

1.1 材料与设备

  原料:包括荔枝、提子、胡萝卜、梨、苹果5种果蔬。均选用市售新鲜产品,选择相似的外观、成熟度

和大小尺寸,其中成熟度主要以硬度和可溶性固形物含量为确定指标。荔枝为“桂味”品种,广东本地

产;提子为青提,产地智利;胡萝卜为广东本地产;梨为皇冠梨,产地河北;苹果为红富士,产地山东烟台。
白砂糖,食品级。

试验仪器与设备:uuPF/5L/800MPa超高静压处理设备(包头科发新型高技术食品机械有限公

司),Dz-280/2SD真空封口机(东莞市金桥科技有限公司),DHG-9070A电热恒温鼓风干燥箱(海培因

实验仪器有限公司),TA-XT2质构仪(StableMicroSystemsLtd,England),PL203电子天平(梅特勒

-托利多仪器(上海)有限公司),FR-600多功能自动薄膜封口机(上海申原包装机械厂),EVO18
SpecialEdition扫描电镜(SEM/EDS)(德国卡尔蔡司有限公司),Alphal-4Lplus真空冷冻干燥机(德国

Christ公司),WYZ阿贝折光仪(上海仪电物理光学仪器有限公司)。

1.2 试验方法

1.2.1 原料处理

图1 样品处理示意图

Fig.1 Schematicrepresentationoftreatedsamples

  选择5种果蔬作为实验原料:荔枝、提子、胡萝

卜、梨和苹果。处理时将鲜荔枝去壳去皮后,沿径向

方向将荔枝果肉制成直径10mm、高5mm的圆柱

形样品;将提子和胡萝卜切去两头后,沿中心取样,
制成直径10mm、高5mm的圆柱形样品,其中提

子制样时选择大小相似、质量相近(±1g)的样品,
取样时避免取到果皮;梨和苹果沿轴向取样,避免取

到果心和果核,制成直径10mm、高5mm的圆柱

形样品。随后将样品装入密封袋中,密封袋采用聚

乙烯塑料袋(10cm×13cm)两层密封(不留顶隙),
随后加入糖液,用密封机将密封袋封口,随后进行超

高压处理。样品处理示意图如图1所示,经过压力

处理后,果蔬的形态会发生变化,果蔬内部物质会与

液体介质直接发生交换。
样品选用不同的糖液作为介质,调配时使用蒸

馏水和蔗糖(食品级)作为原料,根据果蔬本身的糖度作为糖液的糖度进行调配,以减小由于果肉及糖液

的糖度差异而造成的渗透作用影响。其中荔枝18.34°Brix,提子为14.05°Brix,胡萝卜糖度为7.47°Brix,梨
为10.52°Brix,苹果为12.79°Brix。

常见的果蔬处理压力为300~500MPa,同时由于设备能力限制,本研究选择的最高压力为500MPa。
探究压力大小对果蔬的影响时,选择压力分别为200、300、400和500MPa,保压时间为5min作为处理条

件;探究保压时间对果蔬影响时,选择5、10、15和20min,处理压力为400MPa作为处理条件,果蔬样品选

择成熟度相近,大小尺寸相似,果蔬样品的质量为(50±3)g,果蔬与糖液的质量比为1∶5。
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1.2.2 体积变化率

  采用排水法测定果蔬处理前后的体积,每个样品测定3次(误差小于0.1mL),每组样品做3次平

行,以新鲜果蔬作为对照样,计算体积变化率[14]

ΔV=V1-V0

V0
×100% (1)

式中:ΔV 表示体积变化率,%;V0 表示高压处理前果蔬的体积,mL;V1 表示高压处理后果蔬的体积,mL。

1.2.3 质量变化率

  用吸水纸将处理完成的样品完全吸干表面水分,用天平称量其质量,每个样品测定3次(误差小于

0.01g),每组样品做3次平行,以新鲜果蔬作为对照样,计算质量变化率[14]

ΔM=M1-M0

M0
×100% (2)

式中:ΔM 表示质量变化率,%;M0 表示高压处理前果蔬的质量,g;M1 表示高压处理后果蔬的质量,g。

1.2.4 质构分析

  测定时试样置于TA.XT2i质构仪P/36R探头下做压缩试验。参数设置为:预压速度1.0mm/s,
下压速度0.5mm/s,压后上行速度10.0mm/s,压缩率40%。选择硬度和回复性作为反映果蔬质构特

性的2个指标[15]。为了方便比较,以未经超高压处理的果蔬作为对照样,将果蔬的硬度和回复性2个

指标均换算为百分数。

1.2.5 微观结构

  采用真空冷冻干燥机对经超高压处理后的果蔬样品进行干燥,用刀片将样品切成5mm×5mm×1mm
的长方体,在SEM样品台上涂上一层导电胶,将切好的样品粘于此胶上,对样品横断面喷金后采用扫描

电镜拍摄仪进行测试。加速电压为10kV,选择放大200倍拍摄显微照片[16]。

1.2.6 数据分析

  方差分析和显著性分析应用SPSS21.0和Excel2010进行数据分析,其中采用新复极差分析法

Duncan进行显著性分析,置信区间取95%。

2 结果与讨论

2.1 不同果蔬的结构与性质

  5种果蔬的密度由大到小的顺序为:荔枝、提子、胡萝卜、梨和苹果,它们还具有不同水分含量和可

溶性固形物含量。5种果蔬的性质和质构指标如表1所示,微观结构如图2所示。

表1 5种果蔬的性质与质构指标

Table1 Propertiesandtexturevaluesof5kindsoffruitsandvegetables

Density/(g·mL-1) Watercontent/% Solublesolids/°Brix Hardness/g Resilience
Litchi 1.063±0.005a 82.004±0.037a 18.34±0.21a 1193.8±40.15a 0.124±0.015a

Grape 1.038±0.021b 84.641±0.015b 14.05±0.35b 204.02±15.45b 0.037±0.005b

Carrot 1.028±0.017b 88.490±0.012c 7.47±0.13c 13737.24±375.72c 0.457±0.037c

Pear 0.986±0.007c 88.672±0.028c 10.52±0.26d 2470.24±54.28d 0.077±0.016d

Apple 0.861±0.012d 82.703±0.027d 12.79±0.33e 3151.40±85.47e 0.161±0.024e

   Note:Superscriptlettersineachcolumnindicatestatisticallysignificantdifference(P<0.05).
果蔬的质构主要由细胞壁和胞间层的结构决定,细胞壁主要由纤维素、半纤维素、果胶质、木质素等

聚合物构成,果胶质在中胶层中起粘连相邻细胞的作用[17]。不同品种的果蔬在细胞壁和胞间层的结构

上并不一致,核果类的荔枝和浆果类的提子纤维素含量低于0.5%,细胞壁的机械强度较弱,属于质地

柔软型果蔬;而根菜类的胡萝卜、仁果类的梨和苹果纤维素含量高于2.0%,细胞壁的硬度较大,属于质

地硬脆型果蔬[3]。结合表1和图2,可以发现,这5种果蔬的密度和硬度等指标不存在线性相关关系。
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荔枝和提子的密度较大,但硬度较小,原因是它们属于柔软型果蔬,且可溶性固形物含量较高、组织结构

较为紧密。如图2,提子的孔洞少且小,荔枝截面光滑,基本无孔隙,存在的空泡结构较少因而密度较

大;梨和苹果的微观结构存在很多的空泡结构,孔隙较大,因此它们的密度也最低;胡萝卜具有密集的空

泡结构,组织网络交错,层次丰富,密度较大,因而胡萝卜的硬度很大。

图2 5种果蔬的微观结构

Fig.2 Microstructureof5kindsoffruitsandvegetables

  选择这5种具有不同密度、水分含量、可溶性固形物、质构特性和微观结构的果蔬作为实验对象,可
以更好地横向比较具有不同组织结构的果蔬受超高压处理后的变化情况,了解不同果蔬的受压特性。

2.2 压力大小对果蔬结构和性质的影响

  一般认为,压力越大,果蔬受压缩的程度也越大,形变也越大,结构因此也会受到更大的破坏。采用

不同的压力处理荔枝、提子、胡萝卜、梨和苹果5种果蔬,探究其结构变化情况。
图3、图4分别表示采用200~500MPa处理这5种果蔬后体积和质量的变化情况,具有不同上标

者表示差异显著(P<0.05)。

图3 不同果蔬受压力处理后体积变化

Fig.3 Volumechangeofdifferentfruits
andvegetablesafterHPP

图4 不同果蔬受压力处理后质量变化

Fig.4 Weightchangesofdifferentfruits
andvegetablesafterHPP
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  结果发现,经过超高压处理后,质地柔软的荔枝和提子会出现体积和质量增加的现象,但其变化规

律不一致。荔枝在200~300MPa处理后,质量和体积基本不发生变化,说明在此压力下,果肉结构基

本上不受超高压的影响,出现了轻微的压缩,说明荔枝的耐压能力较强。在400~500MPa时,荔枝的

体积随着压力的增大而增大,质量则先增大后减小,说明加压降压过程使荔枝结构的气体重新分配,细
胞空隙增大,细胞膜通透性改变,细胞内可溶性物质和液体介质均会进入荔枝细胞空隙,使体积膨

胀[18-19],而内溶物的加剧流出又会造成了荔枝质量的下降。提子在200~300MPa处理后体积出现增

大,质量增加,说明液体介质也会进入提子细胞间隙的空泡结构并使其体积膨胀;而在400~500MPa
下,提子结构无法耐受高压,组织发生坍缩,原本体积膨胀的提子体积变为压缩,导致果肉的质量和体积

减小。质地硬脆的胡萝卜、梨和苹果的体积均被压缩,质量下降,但变化率差别较大,说明它们的结构受

到了不同程度的影响。随着压力的增大,梨的体积缩小程度越来越大,最大超过30%,说明梨的空泡结

构很多,组织结构承压性弱,受压时形变量最大,最容易被压缩;苹果的密度最小,空泡结构也较多,但在

不同压力下体积变化不大,这可能是因为其耐压性很弱,在200MPa时结构已被完全破坏,随着压力的

增大变化不明显;胡萝卜的体积随着压力的增大而逐渐被压缩,到400MPa以上体积基本不变,说明

400MPa时胡萝卜的结构被完全破坏。

  果蔬的体积和质量发生变化是因为果蔬细胞内部可溶性物质、气体与液体介质之间发生了物质交

换[7],但由于果蔬本身组织特性的差异,其细胞结构被破环的程度不一致,物质交换程度也不一样。质

地柔软的提子和荔枝在超高压处理时会出现体积和质量增大的情况,说明两种果肉结构具有一定的弹

性,受压会发生膨胀;而质地硬脆的胡萝卜、梨和苹果在超高压处理时体积和质量只会减少,说明这3种

果肉结构因含较多空泡,超高压处理后,细胞形态发生皱缩。
不同压力处理对5种果蔬的硬度的影响如图5所示,图中具有不同上标者表示差异显著(P<0.05)。

从图5可以看出,质地柔软的荔枝和提子在200MPa时硬度下降程度最大,随着压力的增大,它们的硬度

呈现逐渐回升的情况,这可能是由于细胞膜破裂,细胞内外压力差减小,细胞形态得以恢复和细胞壁果

胶酯化度的下降引起的[20]。而质地硬脆的胡萝卜、梨和苹果硬度的变化规律不一致。苹果的硬度随着

压力的增大变化不大,胡萝卜的硬度随着压力的增大而逐渐减小,但当压力大于400MPa后,胡萝卜的

硬度不再继续下降。

图5 不同压力大小对果蔬硬度的影响

Fig.5 Effectsofdifferentpressureonhardnessoffruitsandvegetables

  Trejo等[21]认为植物承压时可能存在一定的压力临界值,当压力大于该值后,植物组织将不再被

压缩。说明在本实验条件下,苹果组织中的空气在200MPa压力作用下全部排出,而在200MPa压力

以上时,组织不再被压缩,即表现为硬度不会进一步下降[22],而胡萝卜的压力临界值为400MPa。梨随

着压力的增大,硬度也呈现逐渐回升的情况,原因是相比于胡萝卜和苹果,梨的体积下降的更为明显,并
随着压力的增大,其体积越被压缩,组织更为紧密,从而使硬度增加;当压力增加到500MPa时,细胞结

构受损严重,又表现为硬度的下降。果蔬的硬度变化与自身的密度呈现一定的关联,荔枝、提子和胡萝
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卜3种密度较大的果蔬硬度受超高压处理影响而下降的程度明显要大于密度小的果蔬,硬度的变化与

果蔬的含水量则没有明显的相关性;与此同时,果蔬的初始硬度也是影响因素之一,初始硬度最大的胡

萝卜在不同压力处理后,硬度降低了40%~70%,下降幅度明显高于其他4种水果。
很多研究表明,果蔬制品的硬度会随着压力的增大而逐渐降低,因为压力的增大,破坏了细胞膜、细

胞壁等结构,使果蔬细胞结构变形或破裂,从而影响果蔬的质构[23];但当果蔬的结构破坏到一定程度,
果胶甲酯酶(PME)从细胞中释放并与底物充分接触,使高甲酯化果胶去甲基而形成低甲酯化果胶,低
甲酯化果胶通过共价键与金属离子结合,增大果蔬的硬度[12,24-25]。另一方面,超高压处理后的果蔬,细
胞间结合更加紧实[26],从而有可能使硬度等质构指标增大。同时,本研究的果蔬则是在高糖度、高酸性

的液体环境中,这种液体环境也可能在高的压力条件下对果肉的质构起增强作用[27]。
图6表示不同压力对果蔬回复性的影响,图中具有不同上标者表示差异显著(P<0.05)。可以看

出,超高压处理对质地柔软的荔枝和提子回复性的影响规律不一致。对荔枝来说,随着压力的增大,回
复性逐渐回升,到500MPa时出现最大值,高于对照样;对于提子来说,随着压力的增大,回复性逐渐增

强,且增强幅度很大。这也表明荔枝和提子的结构具有一定的弹性,尤其是提子,在超高压处理后还能

增强其回复性。超高压处理对质地硬脆的果蔬回复性起负面影响,但其作用较小。超高压处理对梨的

回复性影响不大,但会使苹果和胡萝卜的回复性下降,且压力越高,下降幅度越大。

图6 不同压力大小对果蔬回复性的影响

Fig.6 Effectsofdifferentpressureonresilienceoffruitsandvegetables

  图7表示不同压力大小对5种果蔬处理5min后的微观结构,不同的果蔬在超高压处理后微观结

构出现不同的变化:荔枝在200MPa下孔隙开始增大增多,随着压力增大,果肉片状裂纹增多,果肉组

织被破坏程度逐渐加深[28];提子在200MPa的条件下微观结构变化不大,而在300和400MPa的情况

下果肉的孔隙则变得越来越大,说明压力的增大对提子的结构造成了很大的破坏;胡萝卜随着压力的增

大,其多孔网络结构被打破,出现裂痕和更大的破损,因而其硬度等指标也随之出现了下降;梨在压力逐

渐增大的情况下,孔隙增大增多,但结构同时被压缩而变得扁平,部分组织更为紧密,从而出现硬度先降

低后升高的现象;苹果在200MPa时结构变化不明显,随着压力的增大,苹果的孔隙增大,到400MPa
时,结构已经完全被破坏,结构被压缩而变得扁平。

综上所述,果蔬的质地会影响其耐压特性[21]。结合5种果蔬的体积变化可以看出,质地柔软、截面

空泡孔隙结构较少的荔枝和提子具有更好的耐压特性,经200~300MPa的超高压处理后体积和质量

没有发生较大的变化,400~500MPa下荔枝果肉体积才开始发生变化,体积增大;提子是随着压力的

增大体积呈现先增大后减小的趋势;而质地硬脆、孔隙较多的胡萝卜、梨和苹果在不同压力处理下均呈

现体积减小的趋势,且由于其组织结构的不同,梨的果肉最易被压缩,苹果耐压性弱,但果肉不易被压

缩,胡萝卜组织结构致密,具有一定的耐压性。
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图7 不同压力对5种果蔬处理5min后的微观结构

Fig.7 Microstructureof5kindsoffruitsandvegetablestreatedfor5minunderdifferentpressures

2.3 保压时间对果蔬结构和性质的影响

  实验中发现不同的压力处理时间对果蔬的体积和质量影响较小,没有显著性差异(P<0.05)(数据

未列出),说明相同压力下处理时间的长短对于果蔬的体积和质量影响不大,造成果蔬质构指标降低的

主要的原因是长时间的压力处理对于果肉本身结构的破坏加剧而造成的。

400MPa下对5种果蔬分别处理5、10、15和20min后果蔬的硬度和回复性的变化情况如图8、
图9所示,图中具有不同上标者表示差异显著(P<0.05)。

图8 400MPa下不同保压时间对果蔬硬度的影响

Fig.8 Effectsofdifferentholdingtimesonhardnessoffruitsandvegetablesunder400MPa
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图9 400MPa下不同保压时间对果蔬回复性的影响

Fig.9 Effectsofdifferentholdingtimesonresilienceoffruitsandvegetablesunder400MPa

  由图8可以看出,梨和荔枝的硬度随着保压时间的延长而逐渐减小,苹果、提子和胡萝卜受保压时

间的影响较小,随着保压时间的延长,硬度变化不大。
由图9看出,保压时间对果蔬的回复性影响不大,但整体来说还是随着时间的延长果蔬的回复性逐渐减小。
由以上结果可以看出,随着保压时间的延长,除胡萝卜的质构受保压时间的影响较小以外,其余4种

果蔬的硬度和回复性均呈现下降的趋势,结合图9可以看出,延长处理时间会进一步破坏果蔬的结构。
图10显示经400MPa处理、不同保压时间的5种果蔬的微观结构变化情况。

图10 400MPa下不同保压时间对5种果蔬的微观结构影响

Fig.10 Effectsofdifferentholdingtimesonmicrostructureof5kindsoffruitsandvegetablesunder400MPa
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  随着保压时间的延长,5种果蔬的微观结构均出现了更严重的破坏,说明延长保压时间对果蔬的

结构会造成更大的破坏,主要表现为果肉裂纹和孔隙的增大和增多。但不同果蔬受到的影响程度不同,
其中,提子、梨和苹果受到的影响要小于荔枝和胡萝卜受到的影响,荔枝原本平整的结构经超高压处理

后出现片状的裂纹,随着保压时间的延长,裂纹开始出现断裂并逐渐扩大;胡萝卜原本致密的结构在超

高压处理后开始出现孔洞,保压时间越长,孔洞也越大;提子经超高压处理后,果肉的层次结构逐渐消

失,果肉表面变得粗糙;梨和苹果的结构随着保压时间的延长,原本的富有层次的结构消失,被压得扁

平,同时孔洞增多。因此,在生产加工过程中,在保证加工需要的情况下,应采用尽可能少的保压时间,
以减小果蔬结构受到的影响。

3 结 论

  选取密度、含水量、可溶性固形物含量、微观结构以及硬度、回复性存在差异的梨、苹果、荔枝、提子、
胡萝卜这5种有代表性的果蔬作为实验对象,研究了不同压力大小和不同保压时间对果蔬结构和性质

的影响。
(1)果蔬的质地会影响其耐压特性。质地柔软、果肉截面孔隙和空泡较少的荔枝和提子具有一定

的耐压性,质地硬脆、孔隙和空泡结构较多的梨、苹果和胡萝卜受压时会被压缩。由于它们的组织结构

不同,耐压程度也不同,其中梨最容易被压缩,压缩率最高;苹果耐压性弱,低压时结构已被压缩,增压不

会引起其体积缩小;胡萝卜由于结构致密,具有一定的耐压性。从微观结构看,所有果蔬的果肉都会随

着压力的增大而变得孔隙增多增大。果蔬的密度和初始硬度这两种性质影响处理后的质构指标变化,
密度和初始硬度越大,处理后果蔬的硬度等指标下降幅度也越大。

(2)随着保压时间的延长,除胡萝卜的质构受保压时间的影响较小以外,其余4种果蔬的硬度、回
复性均呈现下降的趋势,延长处理时间会进一步破坏果蔬的结构。

综上分析可以得出,针对包含果蔬固体和液体介质(糖液)的产品,超高压处理是一个可行的加工手

段。压力大小主要根据果蔬的耐受压力进行选择,在保证加工需要的情况下,应采用尽可能少的保压时

间,以减小果蔬结构受到的影响。
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EffectofHighPressureProcessingonTexture
andQualityofFruitsandVegetables

LIBiansheng1,2,3,SUFangping1,ZHUYuefu1,RUANZheng1,2,
LIDandan1,QIANJiang3,GAOYongyan3

(1.CollegeofFoodScienceandEngineering,SouthChinaUniversity
ofTechnology,Guangzhou510640,China;

2.GuangdongProvinceKeyLaboratoryforGreenProcessingofNaturalProducts
andProductSafety,Guangzhou510640,China;

3.ZhuhaiShitongHighPressureResearchandApplicationInstitute,Zhuhai519180,China)

Abstract:Inordertoexploretheeffectsofhighpressureonthetextureandqualityoffruitsand
vegetablesindifferentvarieties,weselected5kindsoffruitsandvegetableswithdifferentdensity,

watercontent,microstructureandtexturetoanalyzetheirdataunderdifferentconditionsofultrahigh
pressuretreatment.Theresultsshowedthatthetextureoffruitsandvegetablescouldaffecttheir
pressureresistance.Softertextureandlessvacuolarstructureexertedagoodinfluenceonpressure
resistancewhereasthevolumeoffruitsandvegetableswasapttobecompressedwithmorevacuolar
structureandhardertexture.Thereisgreatdifferenceinvolumevariationbecausefruitsandvegetableshave
differenttextures.Thetextureindexwoulddecreasemoreobviouslyafterhighpressuretreatment,whenthe
fruitsandvegetableshavehigherdensityandgreaterhardness.Theprolongationoftheholdingtimewill
furtherdamagethetextureandstructureoffruitsandvegetables.
Keywords:highpressure;fruitsandvegetables;texture;quality
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EffectofHighPressureProcessingwith
DifferentHoldingTimeontheQualityof
Pomfret(Pampusargenteus)Fillets
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  Abstract:Theaimofthisworkwastoevaluatetheeffectofhighpressureprocessing(HPP)withdifferent
holdingtimeonthequalityofpomfret(Pampusargenteus)duringcoldstorage.Differentprocessingtimes
(10,20and30min)at200MPawereappliedand HPPtreatedpomfretwerecomparedwithuntreated
samples.Microbiologicalparameter(totalviablecount(TVC)),physicochemical(pHandtotalvolatilebase
nitrogen(TVB-N),colordifference,waterholdingcapacity(WHC),textureprofileanalysis(TPA))and
sensoryevaluationwereperformedrespectivelyaftertheapplicationofhighpressuretreatmentonpomfretat
theintervalof2d(2days).Thesignificantdifference(P<0.05)regardingtheresultshavebeenobserved
betweenHPPandCKgroupafter2dstorageonthevaluesofTVC,pH,TVB-N,ΔE(Totalcolordifference),

WHC,TPAandsensoryscore.Thecontrolledgroupswerethefirsttopresentsignsofdegradationreaching
rejectionthresholdvaluesforallevaluatedparameters.TheshelflifeofCKgroupwasonly4-5d.HPP
treatmenthasshowntobeeffectiveininhibitingmicroorganismgrowth,proteindegradationandthedriploss
insamplesandthetexturecharacteristicofsamplescanbebettermaintained.Theresultsofcorrelationanalysis
ofdifferentgroupssuggestedthatthecorrelationbetweenΔE,pH,TVB-NandTVCweresignificant.The
shelf-lifeoftreatedpomfretsamplescanbeextendedfrom4dto8-12dandtheoptimalconditionoffresh
keepingeffectswas200MPaand30min.
  Keywords:highpressureprocessing(HPP);pampusargenteus;refrigeratedstorage;qualitychange
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  Pomfret(Pampusargenteus),alsonamedasbutterfish,belongstomarinefishofPompanos,

whichismainlydistributedintheYellowSea,BohaiSea,EastChinaSeaandSouthChinaSea.Pomfret
isrichwithunsaturatedfattyacidandmicroelement,suchasseleniumandmagnesium,whichhasapo-
tentialprotectiveeffectonhyperlipidemia,highcholesterol,coronaryatherosclerosisandothercardio-
vasculardiseases[1].Pomfretpossesseshighnutritional,edibleandeconomicvalues,whichisoneofthe
importantcommercialspeciesalongthecoastofChina[2].Nevertheless,similiartootheraquaticprod-
ucts,pomfretiseasytobespoiledduringindustrialprocessing,andhence,thequalityofthepomfret
couldbereducedduetotheinfluenceofgeography,climate,fishingseasonandequipmentcondi-
tions[3].Therefore,theuseofhighpressureprocessing(HPP)treatmentonpreservationofpomfret
filletsduringcoldstoragehasgreatresearchsignificanceandapplicationvalue.

HPPisanon-thermalfoodpreservationmethodandanalternativetotraditionalheatprocessing.
Itcouldminimizethequalitydecreaseandnutritionlosseswithoutchangingthestructureofcovalent
bondorcausingotherundesirablechangesassociatedwiththermalprocessing,sothenutritionalcom-
ponentsofsmallmolecularinbio-materialscanbewellkept[4-7].HPPleadstoalotofchangesincell
membranes,ribosomes,enzymesandthusaffectsthebiochemicalactivityofmicroorganisms[8].Previ-
ousworkshavedemonstratedthattheshelflifeoffattyfishspeciesunderfrozenstoragecondition
couldbeprolongedbyHPPtreatmentsasapre-treatmentbeforefreezing.Theinhibitionoflipidhy-
drolysiswasalsoreportedinAtlanticmackerel[9]andhorsemackerelundertheHPPconditions.The
useofHPPhasbeenapprovedbyFDAandUSDA,whichisconsideredasadependabletechnologyin
foodprocessing.Hence,highpressureisapromisingandnoveltechnologytosuppressthegrowthof
microorganism[10-11],whichhasthepotentialeffecttoextendtheshelflifeofseafood[12].

HPPtechnologyforfoodprocessingistoputfoodmaterialintoahighpressurevesselwhereliq-
uidsuchaswaterisusedasthemediumtotransferpressure.Then,acertaintimeinisostaticpressing
process(100-1000MPa)couldbemaintained,whichledtothedeathofmicroorganismsandthede-
naturationofproteinsoastocausethedamageofnon-covalentbondinfood.Therefore,HPPtechnol-
ogyhasaneffectmethodforinactivatingenzyme,improvingfoodqualityandextendingtheshelf
life[13].Butinpreviousresearch,theresultsshowthatHPPat250-300MPacanresultinunwanted
changesinfishproductssuchasaccelerationoflipidoxidation,discolourationandcookedappear-
ance[14].HPPat200MPacanincreasetheshelflifeofherringandhaddocktoatleast13days.Theob-
jectiveofpresentworkwastostudytheeffectofdifferentholdingtimeat200MPaHPPtreatmentin
thequalitychangeofpomfretfilletssoastofindtheoptimalholdingtimewithHPPforprolonging
theshelflifeofpomfretfillets.

1 MaterialandMethods
1.1 SampleandPretreatments
  Freshpomfret(Pampusargenteus)sampleswereobtaineddirectlyfromthelocalfishmarket
(LuchaoHarbor,Shanghai,China)withameanweightvaryingfrom200gto250ginOctober2016.
Samplesweredeliveredtothelaboratoryonicewithin30min.Afterbeinggutted,washed,filletedand
trimmedinawater-icemixture,100gfillets(15cminlengthand10cminwidth)wereseparatedinto
4lotsrandomly.
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1.2 HighPressureProcessing(HPP)Treatment
  Pomfretfilletswereindividuallyplacedinpolyethylene/polyamidebagsandvacuum-packed.The
samplesweretreatedinahigh-pressureprocessor(HPP.L2-600/2UltraHighTemperatureSterili-
zingMachine,HuataiSen-miao,Tianjin,China).Thepressuretransmissionfluidwasmainlyproduced
frompotablewater.Pressurecome-uptimewasapproximately10s/8MPaandpressurereleasetime
between10and15s.Theinitialwatertemperaturewas10℃andtheincreaseintemperaturedueto
adiabaticheatingwasapproximately2℃/100MPa.Sampleswerepressure-treatedinbatcheswith
200MPain10,20and30minat20℃,respectively,whichweredesignedassampleHPP10,HPP20and
HPP30respectively.Thecontrolsampleswereheldfor10minatambientpressure(0.1MPa)at20℃
(CK).Toavoidqualitychangesoffillets,thesampleswerekeptoniceandpressurizationtreatments
wereperformedassoonasthefilletswereprepared.AfterHPPtreatments,thesampleswereimmedi-
atelystoredat4℃andanalyzedintriplicateafter0(freshmeat),2,4,6,8,10,12dofstorage.

1.3 MicrobiologicalAnalysis
  BacterialcountsweredeterminedusingthespreadplatemethodwithGB/T4789.2-2016.Deci-
maldilutionsofsampleswerepreparedinsterile0.1%(w/v)peptonesolutioninduplicate.Fromthis
dilution,otherdecimaldilutionswereobtainedand1mLofthreedilutionswastransferredintriplicate
toPetridishescontaining15mLcommercialplatecountagar(Land-BridgeTechnologyLtd,Beijing,

China).Totalviablecounts(TVC)weredeterminedbycountingthenumberofcolony-formingunits
afterincubationat30℃for72h.Microbialanalyseswerecarriedoutonday0,2,4,6,8,10and12for
eachpressuretreatmentandforthecorrespondingcontrolsamples.Resultswereexpressedas
lgCFU/g(ColonyFormingUnits).
1.4 PhysicochemicalAnalyses
1.4.1 PHValue
  PHvaluewasmeasuredusingadigital320pH metre(MettlerToledo,Zurich,Switzerland)to
demonstratethehygienicstandardoffishandotheraquaticproductsaccordingtoGB/T5009.45-
2003.
1.4.2 TotalVolatileBaseNitrogen(TVB-N)

  TVB-NvaluesweredeterminedbyFOSSmethodwiththeKjeltec2300(FOSS,Hiller,Denmark)

andexpressedinmgnitrogenper100gfishsample.
1.4.3 InstrumentalColor
  InstrumentalcolorwasmeasuredwiththeColorDifferenceMeter(CR-400,KonicaMinolta(Chi-
na)InvestmentLtd,Shanghai,China)onthereflectancemodeforthepomfretfilletsindifferent
groups.ColorwasexpressedinL*,a*andb*values.ReadingswerereportedinL*(lightness),a*

(red±green),b*(yellow±blue)andΔEfortotalcolordifference.ThecalculationofΔE wasmade
withthefollowingequation.

ΔE= L* -L*( )0
2+ a* -a*( )0

2+ b* -b*( )0[ ]2 1/2 (1)

whereL*
0 ,a*

0 ,b*
0 arethevaluesforuntreatedpomfretfilletsandL*,a*,b*arethevaluesofsamples

withHPP.
1.4.4 WaterHoldingCapacity(WHC)

  WHCwasmeasuredwiththemodifiedmethodofSánchez-Alonsoetal[15].Briefly,a5gpieceof
fillet(Ws)wrappedinafilterpaperwascentrifuged(800r/min,10min,10℃).Aftercentrifugation,

thefilterpaperwasremovedandthefilletwasweighted(Wf).W WHCwasexpressedasgramofwater
infilletaftercentrifugationper100gofwaterinitiallypresentinfillets.
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W WHC(%)=(Ws-Wf)/Ws×100% (2)

1.4.5 TextureProfileAnalysis(TPA)

  TPAwascarriedoutsoastoknowtheeffectofpressurewithdifferentholdingtimeontheme-
chanicalpropertiesrelatedtothesensorypropertiesofhuman,whichperformedusingtheTA.XTtex-
tureanalyzer(StableMicroSystemsLtd,Surrey,UK).Aflat-endedcylinder(P/6)withadiameterof
6mmwasusedandthesizeofthefilletswas10mm×10mm×10mm.Theflat-endedcylinderap-
proachedsamplesataspeedof1mm/sandpenetratedintofilletstoasampledepthof50%ofthe
thicknessofsample.Then,theforcewasreducedandthefilletwasallowedtorebound5swiththecyl-
inderjusttouchingthesurface.TheloadsensortypeisAuto-5g,thedatacollectionrateis200.After
this,thecylinderwaspressedonthefilletsfortripletime.Twoparameterswerethencalculated:the
hardnessandchewiness.Hardnessisthepeakforceofthefirstcompressioncycle,whilethechewiness
istheenergyrequiredtomasticatesolidfoodtoastateofreadinessforswallowing,obtainedfromthe
calculationofhardness,cohesivenessandspringiness.
1.4.6 SensoryEvaluation
  ThesensoryevaluationofPomfretfilletswasshowninTable1[16],whichwasmadebytheevalu-
ationmethodsofmarinefish.Sensoryscoreofthesamplewasperformedaccordingtocolor,odor,tex-
tureandappearancebyfivememberstrainedpanelistsfromthelaboratoryusingthemethod[17]with
somemodifications.Eachassessorscoredforeachparameterfrom1toamaximumof5,where5re-
presentedthefreshestquality.Scoresofseparatecharacteristicswereevaluatedrespectively,then
summedtogivethecomprehensivesensoryevaluation.Panelistswereaskedtodescribewhetherthe
sampleswereacceptableornot,whichwasusedtodeterminetheshelflifeofpomfretfillets.

Table1 Sensoryevaluationofpomfret(Pampusargenteus)fillets

Grade Color Odor Texture Appearance

Best(5) Extremelybright Freshflavor Extremelyfirm Richinelasticity

Better(4) Verybright Freshseaweedflavor Veryfirm Veryelasticity

Normal(3) Moderatelybright Moderateseaweedflavor Moderatelyfirm Moderateelasticity

Worse(2) Slightlydull Noflavor Slightlysoft Slightlyelasticity

Worst(1) Verydull Spoiledflavor Verysoft Inelastic

1.5 StatisticalAnalysis
  Statisticalanalysiswasconductedusingorigin(Pro)7.5(OriginLabCorporation,USA).All
pressuretreatmentsandmeasurementswereconductedintriplicate.Theresultswereexpressedas
mean±S.D..Theaverageandstandarddeviationofthedatacorrespondingtotheelementalcomposi-
tionanalysis,ΔE,WHC,TVB-N and TVC werecalculatedandone-factoranalysisofvariance
(ANOVA)wasperformedforeachoftheparametersmeasuredasafunctionofthestoragetime.

2 ResultsandDiscussion
2.1 MicrobiologicalAnalysis
  Totalviablecount(TVC)isoneofthemostrepresentativeindexesforqualityassessment.Varia-
tionsofTVCinpomfretfilletsduringrefrigeratedstoragewereshowninFig.1.

TheTVCincontrolfilletswas5.50lgCFU/gininitialstorageandincreasedto6.35lgCFU/g
byday3(Fig.1).HPPiseffectiveforreducingthenumberofmicroorganismcomparedwiththatof
CKone.FilletsinCKgrouphadreachedtheunacceptablelimitsinday10(7.17lgCFU/g),butTVC

4-103560

        高  压  物  理  学  报             第32卷  第6期 



ofHPP20treatedfilletsreachedat5.96lgCFU/g.HPP30almostdoubledtheshelflifeto12d,

HPP10andHPP20canprolongtheshelflifeofpomfretfilletsforatleast10dand12d,respectively.
Cellmembranes,inparticular,wereemployedasthemaintargetforhighpressureinactivationofbac-
teria,andalso,influencedthepermeabilityofcell.Thus,itcouldfurtherinterferewithitstransmission
mechanismwhichbringsaboutthelackofnutrients,thechangeofpHvalueandfinallyduetothe

Fig.1 VariationsofTVCinpomfretfillets
duringrefrigeratedstorage

deathofcell[18].TheTVCoffilletswasdecreased
alongwiththelongerholdingtime.Theeffective-
nessof HPPforinhibitingthe microorganism
growthofseafoodwasreportedpreviouslyandhad
thesimilarresultsinthisresearch,includingalba-
core tuna[19],cold-smoked salmon[20] and sea
bass[21].Bugueňo[22]observedcoldsmokedsalmon
whensubjectedtoHPP(250MPaforboth5and
10min)andreportedthatthecontrolfilletscan
keeptheacceptablelimitsforonly6weeksbased
ontheresultsofsensoryevaluationandmicrobio-
logicalanalysis,butthefilletsinHPPtreatment
canbeextendedtheshelflifeforanother2weeks.

AsdefinedbytheInternationalCommissionofMicrobiologicalStandardsforFoods,themaxi-
mum acceptablelimitof microbialparametersinfresh and refrigerated aquatic productsis
7lgCFU/g.Brionesetal[12]alsoreportedthat550MPaHPPtreatmentsfor3mincandecreasedthe
numberofmesophilicaerobicandpsychrophilicbacteriainabaloneapparently,thustheshelflifeofab-
aloneinHPPtreatmentgroupincreasedmorethan30dcomparedwiththecontrolone.

2.2 pHValue
  PHvalue,oneofthemostfrequentlyusedphysicalqualitycontrolmethodsforaquaticproducts,

isaffectedbythechangesintheconcentrationsoffreehydrogenandhydroxylionsduetotheshiftsof
oxidation-reductionbalanceinfoodfortheactivityofmicroorganismsandenzymes.pHvalueismainly
determinedbyfreecarboxylandaminogroupswithlow molecularweightcompounds,suchaspro-
teins,nucleicacids,andpolysaccharides[4].

Table2showedthatpHvalueofCKgroupdecreasedslowlyforthefirst4dandincreasedfrom
thenon.However,pHvaluesintreatedgroupwaslowerthanthatofCKgroupanddidnotexceeded
theacceptabilitylimit.PHvalueofpomfretfilletsinuntreatmentgroupwashigherthanthatofHPP
treatedgroupfromday6significantlyandfilletswithHPPtreatmentswerelowerthan7.00during
storage.Ingeneral,pHvalueofaquaticproductshadasharpincreaseattheendofstoragetimeand
exceeded7.00.TheresultswereinagreementwithQianetal[1]whousedagueousextractstokeep
fishfreshandfoundthatpHvaluehadaconsistentincreasefromday0whilethepHvalueofaquatic
productstreatedbyHPPwaslowerthan7.00generally.Therefore,ultra-highpressuretreatmentcan
restraintheincreaseofpHvalueduringstorageeffectively.AnincreaseinpHvaluesshowtheaccu-
mulationofalkalinesubstances,suchasammoniumcompoundsmainlyderivedfrommicrobialactivi-
ties.AdecreaseinpHvaluemightbeattributedtotheinhibitionofbacterialgrowthbyHPPtreat-
mentinthepomfretfilletsmuscle.Thepostmortemmetabolismofnitrogenouscompoundsismainly
relatedtothedeclineoffishquality.

5-103560

 第32卷 LANWeiqing,etal:EffectofHighPressureProcessingwithdifferentholdingtimeonthequalityofpomfret(Pampusargenteus)fillets 第6期 



Table2 VariationsofpHvalue,TVB-N,ΔEandWHCinpomfretfilletsduringrefrigeratedstorage

Storage

time/d

pHvalue

CK HPP10 HPP20 HPP30

TVB-N/(mgN/100g)

CK HPP10 HPP20 HPP30

0 6.92±0.02bB 6.91±0.01bC 6.90±0.02aA 6.92±0.01aA 19.24±1.98aA 18.16±0.51aB 14.49±2.11aC13.93±0.89abC

2 6.86±0.00bcC 6.88±0.05aA 6.87±0.06aB 6.90±0.01aB 23.49±1.80acB19.72±1.87acC15.70±0.74acA14.24±0.96abA

4 6.87±0.00bcB 6.86±0.02aC 6.82±0.01bA 6.88±0.06bA 30.48±4.07bA 21.20±1.27bC 19.69±0.10bB 17.31±0.64cB

6 7.00±0.01aA 6.94±0.00bC 6.84±0.00bB 6.90±0.01bB 35.53±3.65cA 27.23±1.54cC 23.50±2.35cB22.06±0.88abB

8 7.15±0.01aA 6.74±0.01cC 6.72±0.01cB 6.78±0.04cB 39.45±3.90bA 30.47±0.42bC 28.02±0.66bB 24.67±0.65cB

10 7.27±0.04cA 6.62±0.01bC 6.69±0.01bB 6.63±0.02bB 45.10±2.82aA 38.16±0.60aC 31.92±1.05aB 26.71±1.80aB

12 7.39±0.022cA 6.62±0.01cC 6.66±0.04cB 6.67±0.00cB 49.44±4.42aB 45.40±2.04aA 37.87±6.32aC 28.12±0.61aC

Storage

time/d

ΔE

CK HPP10 HPP20 HPP30

WWHC/%

CK HPP10 HPP20 HPP30

0 51.23±0.68aA 47.22±6.30aB 41.88±0.42bB 38.80±1.55bC 9.23±1.01bC 11.05±1.48bB 12.47±1.33bB15.04±1.29bA

2 52.05±2.29aA 47.53±0.81aB 44.79±1.21bB 40.07±2.25bC 9.04±1.36bC 10.29±1.95bB 11.16±1.33bB14.36±1.27bA

4 53.56±4.00aA 49.47±1.26aB46.81±0.86abB43.59±2.15abC 8.74±1.32cC 9.56±1.79aA 10.22±1.39cA 12.41±1.12cB

6 55.39±0.02abA53.20±1.14abB49.88±3.81aB 46.14±1.71aC 7.11±1.25bB 8.39±1.27bA 9.31±1.38bA 11.23±1.52bC

8 60.45±0.76abA57.47±2.69abB55.46±4.67aB 53.68±2.52aC 6.31±1.47aC 8.06±1.21cA 9.28±1.14aA 10.57±1.51aB

10 67.88±2.43bA 59.13±2.02bB 57.91±4.85cB 55.59±1.82aC 5.22±1.06cC 7.31±1.22aB 7.47±1.25cB 9.42±1.03cA

12 70.29±5.62bA 61.72±1.22bB 61.41±2.29aB 59.48±2.31aB 5.04±1.43aC 6.25±1.61cB 7.28±1.07aB 9.09±1.24aA

  Note:(1)Valuesandstandarddeviationsfromthreereplicatesarepresented.

  (2)Differentsmallletters(a,b,c)insamerowaresignificantlydifferent(P<0.05).

  (3)Differentcapitalletters(A,B,C)insamecolumnaresignificantlydifferent(P<0.05).

2.3 TotalVolatileBaseNitrogen(TVB-N)Value
  Accordingto Ref.[15] ,thefilletsinfirst-gradefreshnessof TVB-N valueisunder
18mgN/100g,thesecond-gradefreshnessisbetween18mgN/100gand30mgN/100g.Asshown
inTable2,TVB-NvalueofpomfretfilletsinCKgrouphasexceeded30mgN/100gfromday4,which
washigherthanothergroupsobviously.

TheminordifferencesofinitialTVB-Nvaluesinallgroupsmaybeattributabletofishnon-pro-
teinnitrogencontentforseason,size,environmentalreasonsandinitialmicrobiologicalqualityoffil-
lets.TVB-Nvaluesshowedanincreasetrendwiththeprolongingofstoragetime.TVB-Ncontentin
untreatedpomfretfilletsincreasedquicklyandreached30.48mgN/100gatday4,thenkeptincreasing
rapidlyduetoautolyticdeaminationbroughtaboutbyproteolysis[21].TVB-Nvaluesoffilletswith
HPPtreatmentincreaseslowlyandreach21.20,19.69and17.31mgN/100grespectivelyatday4.
TVB-Nvaluessignificantlyincreasedduringthefollowingstoragetimeandreach39.45mgN/100gat
day8incontrolgroupwhencomparedwithHPP-treatedfillets,whichattainedmuchlowervaluesof
30.47,28.02,24.67mgN/100gfor200MPaat10,20and30minrespectively.AllHPP-treatedfillets
wereclassifiedasbetterthanfilletsincontrolgroup.Basedontheresultsobtainedfromthisresearch,

TVB-Nvaluecouldbeusedforevaluatingthedeteriorationdegreeofthepomfretfilletsanddescribing
thechangesduringstorage.ThereasonforincreasingslowlyinTVB-Nvaluewasexplainedbygeneral
acidificationofhighglycogencontentthatisconvertedtolacticacid.

Amongthepressuretreatmentconditions,200MPafor30min(HPP30)wasfoundtobethemost
effectiveconditionforinhibitingtheproductionofTVB-Nvalue.
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2.4 ColorDifference
  ΔEvalues,asanindicatoroftotalcolordifference,showedthattherewassignificantdifferencein
thisparameterwithdifferenttreatment.ThesmallerthevalueofΔE,thelesserdeviationincolorwith
respecttothereference.

AsshowninTable2,itisfoundthatthelowestscorewasobtainedwithatreatmentof200MPa
for30min.AccordingtoSilvaetal[23],thevaluesofΔEbetween0~0.2standfortheimperceptible
colordifference,0.2~0.5forleastdifference,0.5~1.5forlessdifference,1.5~3.0fordistinct,

3.0~6.0forverydistinct,6.0~12.0forgreat,andthevaluesmorethan12forverygreatdifference.
Basedonthis,untreatedfillets(CK)resultedinverygreatcolordifferenceswhilewithverydistinct
colordifferenceswereobtainedbycomparedwiththeHPPtreatmentrespectively.ΔEvaluesofHPP
treatedfilletsindicatedtheprogressivecolorchangedindifferentfilletscomparedtoinitialvaluesob-
tainedafterHPP.Overall,thecolorvaluesvarieddependingonthetreatmentcombinationandthere
wasnocleartrendastohowthepressurelevelorholdtimewasinteractedtoaffectthechromatism
values.

Totalcolordifference(ΔE)fluctuatedduetobothpressurelevelsandstorageperiod.Filletswith
200MPatreatmentshadsignificantlylowerΔEimmediatelyafterpressurizationthanthatofthecon-
trol.ItsuggestedthatthesechangesincolorparametersbyHPParepossiblycausedbythedenatur-
ationofthemyofibrillarandsarcoplasmicproteins.However,lipidoxidationisconsideredasanother
factorforthecolorchangeduetothedegradationofhighlyunsaturatedcarotenoids[23].

2.5 WaterHoldingCapacity(WHC)
  TheunfoldinganddenaturationofmuscleproteinswithHPPwerealsoattributedtoWHCoffish
muscle.AsshowninTable2,W WHCofHPPgroupswerefluctuatedduringstorage.However,W WHCdid
notchangegreatlyandtreatedgroupstillremainedinarelativelyhighlevel,whilethecontrolgroup
hadbeeninalowlevel.Thepressurizationmayaffecttheproteinstructureoffishmuscleandthe
water-bindingofmuscleproteinwasunstableduringstorage[24].

2.6 TPA
  Textureattributeslikehardnessandspringiness,whicharerelatedtothedenaturationofprotein,

areoftenusedasfreshnessindicatorsforfish[25].
AsshowninFig.2,thehardnessandchewinesswereallaffectedbyHPPtreatment.Generallythe

hardnessandchewinessofpomfretfilletsarepositivecorrelationastheincreaseofholdingtimeand

Fig.2 VariationsofTPAinpomfretfilletsduringrefrigeratedstorage
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graduallydecreasedwiththestoragetime.Thehardnessofsampleswasdecreasedsharplyattheini-
tialofstorage,butthevaluewererelativelysteadylater.Asforchewiness,adecreasingtrend,similar
tothatofhardness,wasobservedwithstoragetime.

2.7 SensoryEvaluation
  Theresultsofsensoryevaluationinpomfretfilletswithdifferenttreatmentarepresentedin
Fig.3.Theresultsindicatedthatsensoryscoresofeachparametershowedasignificantdeclinein4
groupswiththeincreaseofstorageperiod.Pomfretfilletswiththecharacteristicoffreshfishhada
pleasanttasteandodoratday0.FilletsinCKgroupatday6showedlesselasticityandalittledark,

whosesensoryscorewaslessthan2anditmeansnotacceptable.FilletswithHPPtreatmentremained
goodinfirmmuscleandelasticity.Asitdemonstratedthatthesensoryscoredeclinedslowerthancon-
trolledonewiththeprolongingofholdingtimeunderthesamepressurecondition,whichisinagree-
mentwithLuoetal[27]whofoundthataccordingtosensoryassessment,thesmokedfishremaineda
shelflifeof6and8weeksforuntreatedandHPPtreated(250MPafor5minand10min)filletsstored
incoldstorageconditionsrespectively.ItwasshownthatthefilletswithHPPtreatmentgotthehigher
appearancescorethanthecontrolonesignificantly.Accordingtothesensoryevaluation,theshelflifes
of8-12dachievedforHPPtreatedfilletscorrespondingtoatleasta4day-extensionoftheshelflife
incomparisonwithcontrolfillets,itindicatedthattheshelflifeofHPPtreatedanduntreatedsample

Fig.3 Variationsofsensoryevaluationinpomfretfillets
duringrefrigeratedstorage

as determined by the all-around acceptability
sensoryscoresare12dand6drespectively.Sasi
etal[28]reportedtheshelflifeofseerfish(Scomb-
eromoruscommersonii)was11d,theshelflifesof
goldbandgoatfish(Upeneusmoluccensis)andred
mullet(Mullusbarbatus)storedinicewere8dand
11drespectively.Whencombinedwiththeproper
temperatureandprocessingmethod,itisauseful
methodtoextendtheshelflifeofaquaticproducts.
Zare[29]performedtheresearchofHPP(200MPa
for30minand220MPafor30min)onmicrobio-
logical,chemical,andsensorycriterion oftuna
when kept in cold enviroment.Lakshmanan
etal[30]alsoreportedthelimitofacceptabilityforpressurizedcoldsmokedsalmon(200MPa,20℃for
20min)inrefrigeratedstoragetobeextendedto6weeks.
2.8 RelationshipbetweenΔE,pHValue,TVB-NandTVC
  Whencomparedwiththecorrelationvaluesofdifferentgroups(Table3),whichsuggestedthat
thecorrelationbetweenΔE,pHvalue,TVB-NandTVCweresignificant.

FromTable3,thedifferenceofeachgroupbetweenpHvalueandTVB-N,TVCandTVB-Nwere
verysignificant(P<0.01).ThedifferenceofeachtreatmentgroupbetweenΔEandTVB-Nvaluewas
significant(P<0.05).Withtheprolongingofshelflife,thepHvalueandWHCofeachsamplewere
decreased,whichwasasignificantnegativecorrelation.ThevaluesofΔE,TVB-NandTVCwereall
increased,whichwasasignificantpositivecorrelation.ItcanbeseenthatTVB-NandTVCvaluecan
beusedasoneoftheimportantindexesforevaluatingthequalitychangeofpomfretwithHPPtreat-
mentafterdifferentholdingtime.

8-103560

        高  压  物  理  学  报             第32卷  第6期 



Table3 CorrelationanalysesbetweenΔE,pHvalue,TVB-NandTVCofdifferentgroups

Group Correlations WHC ΔE pHvalue TVB-N

CK

ΔE

pH
TVB-N
TVC

 0.117
0.364
-0.249
-0.133

0.132
-0.555**

-0.686**
-0.565**

-0.452* 0.884**

HPP10

ΔE

pH
TVB-N
TVC

-0.090
0.083
0.025
-0.097

 0.799**

-0.534*

-0.717**
-0.663**

-0.931** 0.768**

HPP20

ΔE

pH
TVB-N
TVC

-0.271
0.014
0.017
0.054

 0.765**

-0.555*

-0.575**
-0.928**

-0.933** 0.980**

HPP30

ΔE

pH
TVB-N
TVC

 0.521*

0.330
-0.245
-0.038

 0.582**

-0.494*

-0.422
-0.891**

-0.869** 0.839**

     Notes:(1)** meansthecorrelationissignificantatthe0.01level(2-tailed).

      (2)* meansthecorrelationissignificantatthe0.05level(2-tailed).

3 Conclusions
  HPPwith200MPatreatmentshaveshowntobeeffectiveininhibitingthemicrobialgrowthand
theincreaseofTVB-N,whichcanremarkablyprolongtheshelflifeofpomfretfilletsduringrefrigera-
tedstorage.Theeffectofsterilizationonpomfretfilletshasanincreasingrelationshipwiththeholding
time.Theshelflifeofpomfretfilletscanbeextendedfrom4dto8-12dbyusingtheproposedtreat-
mentmethodology.TheoptimalHPPconditionwas200MPaand30min.Therefore,HPPhasshown
tohavegreatpotentialasanalternativetechnologyforextendingthequalityofpomfretfilletsduring
refrigeratedstorage.
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保压时间对超高压鲳鱼片冷藏期间
品质变化的影响

蓝蔚青1,2,3,4,王 蒙1,车 旭1,孙晓红1,2,3,4,
陈扬易1,谢 晶1,2,3,4

(1.上海海洋大学食品学院,上海 201306;

2.上海水产品加工及贮藏工程技术研究中心,上海 201306;

3.上海冷链装备性能与节能评价专业技术服务平台,上海 201306;

4.食品科学与工程国家级实验教学示范中心(上海海洋大学),上海 201306)

  摘要:为研究保压时间对超高压鲳鱼片冷藏期间品质变化的影响,以未做任何处理样品作为

对照组(CK),研究在200MPa的超高压条件下,通过10min(HPP10)、20min(HPP20)与30min
(HPP30)的保压时间处理后样品的品质变化,每隔2d分别对各组样品的微生物指标(Total
ViableCount,TVC)、理化指标(pH值、总挥发性盐基氮(TotalVolatileBaseNitrogen,TVB-N)、
色差、持水力(WaterHoldingCapacity,WHC)与质构分析(TextureProfileAnalysis,TPA)与感官

分值进行测定。结果表明,样品经过超高压处理后,其在贮藏期间的微生物生长、蛋白质降解与汁

液流失得到明显抑制,其质构特性得以保持。指标间相关性分析结果显示,ΔE、pH值、TVB-N和

TVC等相关性好。经200MPa、30min超高压处理能使冷藏鲳鱼片的货架期由4d延至8~12d。

  关键词:超高压处理;鲳鱼;冷藏;品质变化

  中图分类号:O521.9;S983   文献标识码:A
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