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Food remaining inside the packaging of commercial foods can cause food loss. Therefore, packaging must 

be improved in the near future to reduce the food loss. To determine the key improvements necessary, the current 

trends in relation to food loss through residual foods and their causes should be clarified for each packaged food. 

In this study, we focused on a typical triangular rice ball called onigiri, which has been estimated to be sold 

multibillion times in Japan annually. We estimated the amount of food waste from the dried seaweed (nori) used 

to envelope the onigiri remaining between the layers of packaging film. The results obtained from five onigiri 

suggested that the average mass of food waste from nori remaining between the layers of the packaging film was 

47.6 mg. Consequently, when the number of distributed onigiri per year in Japan was assumed to be 1.0, 2.5, and 

5.0 billion, the amount of residual nori per year in Japan was predicted to be 47.6, 119.0, and 237.9 Mg (= tons), 

respectively. Because the certainty of opening the packaging was also suggested to affect the amount of residual 

nori, we also compared the shape and heat-sealing pattern of the packaging film before and after opening the 

product. However, the differences in the packaging films were not significant and did not affect the amount of 

residual nori. Thus, to reduce food waste from residual nori for similar onigiri products, the fundamental 

packaging design, including the mechanism for enveloping rice balls, must be reconsidered. 
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1. Introduction
The packaging of commercial foods plays a vital role in reducing food loss, primarily by protecting the 

packed food. For example, plastic films with gas-barrier properties have been developed to maintain food 

quality1). In addition, cushioned packaging has been suggested to reduce the loss of soft foods such as fresh 

produce during transportation2). Packaging has another function related to user friendliness; user-friendly 

packaging might help in reducing food loss. An example is the application of liquid-repellent technologies in 

food packaging materials3),4). This technology is typically user-friendly and contributes to reduction in food loss 

as well as the environmental load related to waste treatment5). 

It is increasingly important to consider packaging designs that reduce food loss. To achieve this goal, we 

must first understand the current situation of food loss caused by residual foods, byproducts, and/or packaging. 

However, few studies have investigated the relationship between the type or shape of packaging and residual 

food, except for the previous study on dairy products by Klein et al.6) 

Thus, in this study, we focused on onigiri rice balls because this product was estimated to sell at 

multibillion units (= 109) in Japan every year, according to some press materials7) 9). Regarding the technologies 

to reduce food loss related to this product, although packaging for moisture control1), temperature-controlled 

supply chain10), and food additives11),12) have been developed to prolong the shelf-life of the main body, that is 

the cooked rice and ingredients, the loss of dried seaweed (nori) from onigiri has not been discussed. The most 

commonly marketed onigiri products are triangular and packaged in plastic films ( ). To prevent moisture 

absorption by nori, the rice balls and nori are separately placed inside the layered film until just before opening13). 

However, in the process of opening the package, some pieces of nori are torn and remain between the layers of 

the film. Because it is one of the major aquatic resources of Japan and its supply is sometimes unstable14), it is 

worth estimating the amount of nori remaining inside the packaging. For typical onigiri, we estimated the amount 

of nori that remained between the packaging film layers. In addition, the amount of annual food waste from 

residual nori in Japan was extrapolated. 
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2. Materials and Methods
2.1. Details of tested onigiri and classification of the type of packaging 

We purchased triangular and nori-separated onigiri ( ) from three supermarkets (Product A C) and 

two convenience stores (Product D and E) in Tokyo, Japan. Five onigiri products were purchased from each store. 

The average mass and size of nori sheets were approximately 1000 mg and 189 × 94 mm, respectively. The 

ingredients of the fillings of all onigiri were tuna and mayonnaise. The packaging film consisted of an inner and 

outer layer, which were made of polyethylene terephthalate-laminated polypropylene. The packaging film of all 

products had a label made of paper. It has been suggested that differences in the certainty of opening the 

packaging film for each product may affect the amount of residual nori. Therefore, we opened the packaging film 

of each product without tearing and removed the rice balls from the packaging. To classify the packaging film 

according to differences in shape and heat-sealing patterns, we then observed and drew the geometric nets of the 

inner layer for each product. The temperature was maintained at approximately 20 °C during the experiment. 

2.2. Calculation of the amount of nori that remained within the film 

The packaging was opened following the order indicated on each packaging film. We then enveloped 

the rice ball with a sheet of nori. Next, the enveloped rice ball was removed and the mass (mg) of the film 

containing small pieces of nori (W1) was measured using a balance (GR-300, A&D, Tokyo, Japan). Thereafter, 

small pieces of nori between the layers of the film were flushed with deionized water. The film without nori 

pieces (W2) was dried using a drying oven (OFX-70, AS ONE, Osaka, Japan) at 40 °C for a week and then 

measured using the abovementioned balance. Thus, the mass of residual nori (mg) within the film was calculated 

(W1 2). Each product was measured with five replicates. Considering the variability of the certainty of 

opening the packaging film, we also observed the tearing and heat-sealing patterns of the outer layer using the 

pieces obtained after tearing. 

2.3. Extrapolation of the loss of nori in onigiri 

As mentioned earlier, some press materials have suggested that the total amount of onigiri produced in 

Japan per year reaches multibillion units (= 109)7) 9). However, it was difficult to evaluate the production of 

triangular onigiri with dried nori, strictly because several types and shapes of products are produced and sold in 

Japan. For example, some onigiri are barrel-shaped and some are enveloped by nori directly14) inside the 

packaging. Based on these facts, we estimated the amount of residual nori while assuming the number of onigiri 

produced to be 1.0, 2.5, and 5.0 billion units. We calculated the minimum, average, and maximum mass of the 

residual nori by multiplying the masses estimated as described in section 2.2 with the number of onigiri produced. 

2.4. Statistical analysis 

To compare the amount of residual nori among different products, the Steel–Dwass test was conducted to 
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determine the statistical difference among the products because homogeneity in variance was not considered. 

Statistical tests were performed using an add-in statistical software (Bell Curve for Excel version 4.04; Social 

Survey Research Information, Tokyo, Japan). The significance level for the tests was set at 0.05. 

3. Results and Discussion
3.1. Differences in the packaging film of each product 

The geometric nets of the inner layer and the heat-sealing patterns of the inner and outer layers are shown 

in . Several differences were observed between the products. For example, the packaging film of the products 

A, C, and D contained areas that were heat-sealed in the lateral direction, whereas that of product B did not 

contain such areas. In addition, the lateral areas of C and D were connected to another sealed area along the film 

edge. In products A and E, these connections were either incomplete or unclear. 

The parts of the outer layer that were heat-sealed were classified into three patterns ( ). The heat-

sealing pattern for products A–C were linear, and the shape of the torn film pieces was almost linear. In product 

E, the heat-sealing pattern was similar to those of products also had perforated lines 

following a triangular outline. Consequently, the shape of the torn 

the triangular outline. The heat-sealed pattern in product D was a waveform with two cross sections. The shape 

of the film piece after tearing was also a waveform. 
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3.2. Effect of the difference in the amount of residual nori 

The average mass of the residual nori in products A–E were 60.7, 40.1, 58.2, 36.6, and 42.2 mg, 

respectively ( ). However, no significant differences were observed between the products. The minimum, 

average, and maximum mass of the residual nori from the five products were estimated at 29.5, 47.6, and 71.9 

mg, respectively, which were equivalent to 3.0%, 4.8%, and 7.2%, respectively, of the average mass of nori 

among the products. 

In section 3.1, several differences observed in the shapes and heat-sealing patterns of the inner layer of the 

packaging film are described ( ). The heat-sealed areas and the shape of the film piece after tearing the outer 

layer were classified into three patterns ( ). These observations may be closely related to the separation of 

nori from the inner and outer layers of the film. Therefore, we expected each difference to affect the mass of the 

residual nori. However, the results obtained thus far suggest that the difference between the inner and outer layers 

was not affected by the amount of residual nori between products. 
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3.3. Extrapolation of the loss of nori from onigiri 

 We extrapolated the loss of nori from onigiri products while considering the assumptions described in section 

2.3. The results of this extrapolation based on the measured minimum, average, and maximum mass described 

in section 3.2 are shown in . For example, considering that the approximate water content of dried nori 

and seaweed are 2.3%15) and 85%16), respectively, the loss of raw nori from 2.5 billion onigiri is estimated to be 

4397.8 Mg (119.0 × 85.0 / 2.3); this value is comparable to approximately 2.2% of the amount of aquacultured 

raw nori in 2023 in Japan (201,100 Mg)17). As raw nori is also used to manufacture foods other than onigiri (e.g., 

tsukudani), this loss should not be ignored from the viewpoint of the protection of aquatic resources, considering 

the instability14) and decrease in nori production17),18). 

1.0 29.5 47.6 71.9
2.5 73.7 119.0 179.8
5.0 147.4 237.9 359.5

*Obtained from the results of 3.2.

      Applied value*Assumed onigiri  production
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4. Conclusion
Our results suggest that the presence of residual nori is a consequence of the packaging used for triangular

onigiri. To reduce food loss due to the residual nori from this type of product, it is necessary to change the 

fundamental method of using nori to envelope onigiri. Comparing differently shaped onigiri products may be 

effective in determining the optimal method. Moreover, it is worth investigating the effect of information labels 

on the certainty of opening a packaging film. This study could be positioned as advanced research to 

quantitatively estimate how the food remaining in packaging contributes to the loss of foods, especially liquid 

foods, such as sauces and salad dressings. In addition, this study demonstrated that the user-friendliness of 

packaging is related to food loss, and much attention has been focused on the protective function of packaging 

instead. Our future research will focus on determining the factors that improve food packaging, especially in 

terms of user-friendliness. 
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	世界で1番多く出版された本が『聖書』であると思われるが、販売部数は推定50〜60億部以上と言われている。その聖書の皮表紙や背表紙に金付け(箔押し)をされたのが書籍への箔押しの最初かと思われる。その当時の刻印は木を彫った木版や金属を削った金版で膠などの接着材を使って薄くのばした金箔や金分を貼り付けていたと思われる。
	15世紀半ばドイツの金細工師ヨハネス・グーデンベルグが活字と活版印刷を発明した。それまでは聖書にしても出版物は写経にて行っていた。活版印刷により数多くの書物の印刷に貢献してきたか計り知れない。それにより宗教活動が多く広められてきた。

	2.3 活字
	活字について少し触れておきたい。金属活字の材料は鉛と錫、アンチモンを混ぜた合金が主流である。これは低温で溶解する性質で比較的簡単に鋳造が出来るためである。鋳型は砂型が多く使われているが上記材料だと真鍮に彫った型で対応が出来る。砂型と違い品質精度の高い物を複版が出来る。

	2.4 印刷機の誕生
	印刷機を考案して、手作業では及ばない大量複製を可能とした。その頃の印刷機は当地で使われていた葡萄やオリーブ油の絞り機からヒント得て、ネジ式の上から圧力をかける機械を設計した。これが平圧式の凸版印刷機の誕生となる。
	15世紀には、すでに中国から紙の抄造法が伝わっていて、グーテンベルグ誕生のドイツにも本格的な製紙工場が設立された。印刷に使える紙を手に入れやすくなっていたのは想像に難くない。絵画用の油絵の具が開発され、それに伴って油性の印刷インキもつくられたが、このように、活字印刷術を取り巻く環境がすでに整っていたからこそ、グーテンベルクの発明は成功したといってよいだろう。
	18世紀末までは木製の機械が主流となる。8世紀末に鉄製に変わるまで同じ型の印刷機が使われてきた。図１に印刷機の原型を示す。18世紀に入ると、円圧式、輪転式の印刷機械が開発されたが、それまで長い間、印刷機の基本的な構造は平圧式だった。そしてこれが後々箔押し機の原型になっていく。箔
	押しにはまだまだ遠いが、グーテンベルクの発明により大きく変わっていくことになる。

	3.アルミ箔とアルミ蒸着箔の違い
	3.1 アルミニウムの誕生
	3.2アルミ蒸着箔
	蒸着箔は真空蒸着機の中で溶けた気化したものが機材に付着した物である。アルミ蒸着フィルムは、真空蒸着法により作られる。 まず、アルミニウムを高真空状態で加熱し、気化させる。 その後、気化したアルミニウム蒸気をプラスチックフィルムの表面に定着させることで、極めて薄いアルミニウム層をフィルム上に形成できる。
	「真空蒸着」技術とは、真空状態の空間で金属や化合物を加熱し気体化させ、気体化した粒子がプラスチックフィルムや布などの基材（薄膜を付けたい材料）表面で冷却され固体化することで、薄い膜を作製する技術である。イメージとしては、お湯を沸かしているお鍋に蓋をすると、蓋の内側に水滴がつく現象と同様である。この蒸着技術により作られた膜の厚みは、数十nm(10-9m＝0.000001㎜)となる。一般的な紙の厚みは0.09㎜であるから、大変薄い膜であると理解できる。また、蒸着を行う対象（基材）は、プラスチックフィル...
	現在、アルミ蒸着は食品関係、生活一般雑貨の袋などに多く使われている。光や湿気、空気などから食品（スナック菓子、スープ、ジュース類）を守ることができ、内包物の鮮度維持に効果を発揮する。代表的な適用例はポテトチップスなどの菓子類、アイスクリームの包装、洗濯洗剤の詰め替え用など、色んな物に使われている。
	蒸着箔の進歩は1960年代後半の高度経済成長と共に発展してきたプラスチックの需要と品質、大量生産に必要な道具として発展してきた。

	4. 転写について
	アルミ蒸着箔を転写するには箔押し機(ホットスタンプ)に版を取り付、転写物と版の間にアルミ蒸着箔を挟む。箔には糊層があり熱で溶け転写される。図3と表１に示す プラスチックフィルム以外の5層
	転写箔が図4のように基材に転写される。転写時の熱板の温度90度〜150度、転写時間0.01秒〜0.05秒程度である。

	5. 箔押し機
	6. 箔版の種類と歴史
	6.1 歴史
	印刷の歴史に少しふれておく。社会の授業で教わった三大発明を覚えておられるだろうか。羅針盤、火薬、紙である。この紙の発明により木版画印刷、陶器を使った活版印刷などが発展してきた。11世紀に中国で陶器の活版が発明されたが割れやすいので金属活字が13世紀頃に出没、しかし漢字国では文字数が多くなるので普及しにくい状態であった。19世紀半ば
	にヨーロッパで金属活字が再普及し、それまで主流だった木版画は姿を消していくことになる。この木版、活版が私たちの基板となる。
	6.2 箔版について
	6.3 銅版
	6.4 亜鉛版
	6.5 マグネシウム版
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