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4个鲜食核桃品种耐贮藏性比较及核磁共振研究
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摘 要：【【目的】探究新疆主栽核桃品种的鲜食贮藏潜力及核磁共振（NMR）技术检测核桃品质的可行性。【方法】以新

疆的核桃品种温185、新新2号、扎343和陕西的耐贮品种西扶1号为材料，研究了低温（0±0.5℃）贮藏过程中及核仁水

量、含油量、酸价、青皮褐变指数及NMR弛豫谱特征的变化，并对核桃果实进行了核磁共振成像。【结果】核桃的品质随

贮藏期的延长而下降，体现在贮藏末期含油量的显著下降（p ＜ 0.05）和酸价及褐变指数的显著上升（p ＜ 0.05）。核桃

仁的T2弛豫谱特征呈现一小一大的双峰曲线，小峰为水峰而大峰为油峰。相关性分析表明，含水量与水峰面积、含油

量与油峰面积呈极显著相关性（p ＜ 0.01）。核磁共振成像（MRI）能很好地区分核桃的组织结构，还能观察青皮皱缩

及褐变变化。【结论】４个核桃品种的耐贮性：西扶1号>新新2号、扎343>温185，核磁共振T2弛豫谱的变化可以表征鲜

核桃仁中的水和油脂组分的变化，NMR法可以表征核桃品质。
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Abstract:【Objective】Walnut (Juglans regia L.) is an important economic and oil crop. Its kernel is

rich in polyunsaturated fatty acids, proteins, carbohydrates and omega- 3 fats. It also contains higher

amounts of antioxidants (such as carotene, vitamin E and so on) than most other foods. Since the fresh

walnut has higher water content in general, the quality is prone to deterioration during storage. But low

temperature can effectively prolong storage life. Nuclear magnetic resonance (NMR) is a rapid, accu-

rate and non- invasive technology and widely used to detect the quality of food, particularly for fruits

and vegetables, meat and aquatic products. The magnetic resonance imaging (MRI) technique is a pow-

erful tool that allows non-destructive visualization of the dynamic changes of the interior structural in-

formation of plants. At present, there is no report on the storage quality of fresh walnuts by NMR and al-

so no report about storage life on 3 good varieties of Xinjiang Autonomous Region at low temperature

(0±0.5 ℃). This study aims to prove that NMR technology can be used to detect the quality of fresh

walnuts and determine how long 4 walnut varieties can be stored at 0 ℃.【Methods】In this experiment,

fresh walnuts of Wen 185, Xinxin 2, Za 343 from Xinjiang and Xifu 1 from Shanxi were selected as the

research samples. The changes in water content, oil content, acid value and T2 relaxation spectrum of

walnut kernels under low temperature storage conditions, as well as browning and MRI T1-weighted im-
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核桃（Juglans regia L.）又称胡桃，是世界重要

的坚果树种[1]。中国是核桃的原产地之一，核桃仁

营养价值高[2]，富含能降血压、降血脂、清除自由基

的不饱和脂肪酸，其药理作用的研究还表明核桃仁

具有改善记忆和抗癌等功能[3-4]。由于消费者需求的

增加[5-6]，世界范围内的核桃产量还在持续增长，中国

核桃的产量也呈现逐年增加的趋势[7]。近年来，鲜

核桃仁脆香可口且营养价值明显优于干核桃而受到

人们的喜爱[8-9]，特别是中国对鲜食核桃具有更高的

消费热度和需求[10]。然而新鲜核桃在贮藏过程中由

于含水量和代谢水平高，极易受到霉菌污染而变

质[9]，这种质量损失限制了新鲜核桃的贮存寿命和

市场供应。目前鲜食核桃贮藏研究多集中于低温贮

藏和气调贮藏基础上复合包装方式、保鲜剂、抗菌药

物等方面以延长贮藏寿命，其中低温复合贮藏相对

成本低，将是鲜食核桃贮藏推广的首选技术。

食品品质分析是食品研究中的一大热点，低场

核磁共振技术是一种快速、精确、无损的检测技术，

aging of green walnut fruits were studied. Green husk browning was evaluated by measuring the total

browned area on the surface of the green husk according to the following 5 classes: 0=no browning; 1=

0 to 20% browning; 2=20% to 40% browning; 3=40% to 60% browning; 4=60% to 80% browning; 5=

80% to 100% browning. Ten fruits were sampled from 3 replicate at 10 d intervals until the end of stor-

age for browning index. The oil content was determined with the Soxhlet extractor method. Noninva-

sive monitoring was conducted using a 23 MHz (0.5 T) permanent magnet MRI scanner (MiniMR-60,

Niumag, China), equipped with an open-bored probe of 60 mm in diameter. Carr-Purcell-Meiboom-Gill

(CPMG) pulse sequences were used for the detection of NMR T2 relaxation spectra. MRI T1-weighted

imaging was acquired by employing multiple-spin-echo (MSE) schemes. MSE parameters set were as

follows: a repetition time (TR) of 1500 ms, echo-time (TE) of 0.4ms, number of replication (NS) of 4, a

field of view (FOV) of 100 mm×100 mm, and 128×128 pixels. The scan location was set at the geomet-

ric center of the walnut kernel during imaging. Data analysis was carried out using the SPSS 19.0. Mul-

tiple comparison tests were used to statistically compare experimental results of different treatments at a

0.05 significance level.【Results】1. Compared to 0 d, all walnut samples showed a significant decline

in oil content but increase in acid value and browning index of green husk browning (p＜0.05) on 60 d.

Since the storage tolerance of each cultivar can be evaluated according to the terminal browning index

and acid value, Xifu 1 was selected as the storage-tolerant cultivar because of the smallest browning in-

dex value and the lowest value in acid value at 60 d, while Wen 185 was the shortest one on storage pe-

riod. 2. There was a significant linear relationship (R2=0.939) between the moisture content and the cor-

responding NMR T2 relaxation spectrum amplitude. There was also a significant linear relationship (R2=

0.978 5) between the oil content and the corresponding NMR T2 relaxation spectrum amplitude. 3. The

kernel was easily contaminated and deteriorated due to the structural damage caused by the browning of

the green husk in the late storage period. However, Magnetic resonance imaging (MRI) can distinguish

the tissue structure of walnuts, and can also observe the shrinkage and browning changes of the green

skin, so the quality of fresh walnuts can be detected by MRI. 4. Since the storage quality of fresh wal-

nuts can be evaluated by changes in oil content and acid value, and NMR method can be used to detect

the oil content. Therefore, the quality of fresh walnut can be measured by NMR.【Conclusion】Compre-

hensive evaluation was performed to rank the cold storage tolerance of the four cultivars as follows: Xi-

fu 1＞Xinxin 2 and Za 343＞Wen 185. The experimental findings can provide a theoretical reference

for storage of fresh walnut and application prospects in the study on quality traits of fresh walnuts and

other oil crops by NMR.

Key words: Fresh walnut；LF-NMR; T2 relaxation spectrum; Water content; Oil Content; Correlation

analysis
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特别适合于肉产品[11]及果蔬[12-13]等食品检测研究，而

且能够检测植株叶片[14]、种子[15-17]等器官内部水分含

量和分布的变化规律，在食品检测[18]方面应用广泛，

也在中药材品质分析 [19]等方面具有一定的应用潜

力。现阶段对核桃品质的研究多采用化学测试手

段，而无损检测手段少，前人的研究表明，核磁共振

技术还是测定棉花[20]、腰果[21]等油料种子中含油量

的有效分析工具，与传统的化学提取方法相比，易

于操作、省力、耗时少且无破坏性，这对于食品品

质检测及优良品种的选育提供了更多的技术手

段。

新疆很多核桃品种具有皮薄、仁多、风味独特的

特点，较陕西的核桃品种具有明显的品质优势，鲜食

市场的潜力很大。相比之下，核桃鲜食贮藏保鲜方

面的报道较多[22-23]，而核磁共振应用新鲜核桃贮藏品

质的研究未见报道。笔者以新疆的主栽核桃品种温

185、新新2号、扎343和陕西的耐贮品种西扶1号为

研究对象，比较它们的低温耐贮性，并探究核磁共振

检测核桃贮藏品质的可能性，为新疆核桃鲜果贮藏

加工及利用提供理论基础，也为低场核磁共振检测

应用范围的拓展提供实验依据。

1 材料和方法

2019年9月3日从新疆阿克苏阿拉尔市12团核

桃规范园采收温185、扎343、新新2号带青皮的鲜核

桃并当天空运至陕西西北农林科技大学采后生理实

验室，9月7日从杨凌崔东沟核桃果园采收西扶1号

核桃青果运回实验室。核桃样品须手工采收套上发

泡网以免受机械损伤，选择大小均匀、无损伤、色泽

匀称、无病害的果实装于塑料框，并用 6 μm厚保鲜

膜（市售）防失水包裹后于冷库[温度（0 ± 0.5）℃，湿

度 70%~80%]贮藏。4个品种分成 4组，每组 300个

果实，每100个为1个重复，每组3个重复。

每隔 10 d进行果皮褐变指数的统计，每隔 20 d

测定含水率、含油量，并同步获取核磁共振弛豫谱数

据。每个品种均设置3次生物学重复。

1.1 核磁共振检测分析

核磁共振T2弛豫谱分析采用核磁共振成像分析

仪（MiniMR-60，上海纽迈电子科技有限公司）。使

用配备有直径为 60 mm的开孔探针的 23 MHz（0.5

T）永磁MRI扫描仪进行无创核桃样品监测。

核磁共振 T2弛豫谱检测采用Carr-Purcell-Mei-

boom-Gill（CPMG）脉冲序列，参数设置如下：重复采

样等待时间（TW）= 1500 ms，回波时间（TE）= 0.4 ms，

重复次数（NS）= 4，回波数（Echo Count）= 18 000，

延时射频（RFD）= 0.12 ms，每次CPMG的检测时间

约为2 min。对采集到的种子信号进行反演，得到核

桃仁不同贮藏时期的T2弛豫谱幅值。

核磁共振成像：采用多自旋回波（MSE）方案获

得T1加权成像。 MSE参数设置为：重复时间（TR）=

1500 ms，回波时间（TE）= 0.4 ms，重复次数（NS）=

4，视场（FOV）为100 mm×100 mm，128×128像素，成

像时扫描位置设置在核桃仁的几何中心。

1.2 品质指标的测定

1.2.1 含水率的测定 取一定量的新鲜核仁样品，

其质量记为M1，然后将核仁杀青并烘干至恒重，冷

却后称重记为M2。

核仁含水量/%=（M1-M2）/ M1×100。

1.2.2 核桃仁含油量的测定 参照Ma等[23]的方法

利用索氏提取器进行核仁油脂提取。测完含水量之

后，将烘干的核仁样品（M2）浸入石油醚（沸点 30~

60 ℃）中，50 ℃水浴下提取 12 h后收集提取液于离

心管中。将离心管置于 50 ℃恒温鼓风干燥箱中烘

除残留石油醚至恒重，即得油样并称重记为M3。

核仁含油量/%= M3/M2 × 100。

1.2.3 褐变指数 参考弓弼等[24]对青皮核桃果实褐

变指数的评定方法，每 10 d从 3个重复箱中各取 10

个核桃进行褐变指数的测定。根据青皮核桃表面褐

斑面积对青皮核桃果实进行评级：0级=果实完好无

损；1 级=褐斑面积 0%~20%；2 级=褐斑面积 20%~

40%；3级=褐斑面积40%~60%；4级=褐斑面积60%~

80%；5级=褐斑面积80%~100%。

外部褐变指数/%=∑（褐变级数×褐变果实数）/

（总果实数×最高褐变级数）×100。

1.2.4 油脂酸价（AV）测量 酸价（AV）：参照GB/T

5009.229—2016[25]，通过热乙醇指示剂滴定法测定，

结果以mg·g-1表示。

1.3 数据统计与分析

所有数据采用Excel 2007软件处理，数据为3个

原始数据的平均值±标准差，采用SPSS 19.0软件进

行相关统计分析，采用单因素方差分析法进行显著

性分析，采用Duncans新复极差法检验数据在 0.05

水平上的差异显著性，采用Person双侧检验进行相

关性分析。
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