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封時のエタノールの損失が軽減されたと考えられる．その
後，エタノールが若干増加し，5 時間後には 6 倍まで増加
した．この増加は酵素失活していない状態であるために，
嫌気的な代謝が若干進んだためと推定される．窒素置換試
料はブランチング試料と同様に窒素ガス置換処理により，
初期値が少なく，0.7 倍であった．その後エタノールが大
きく増加し，ブランチング試料と比較して 2 時間後に約
12 倍，4 時間後には 20 倍以上の増加が観測された．
　このように原料をブランチングや殺菌をせずに，窒素置
換による嫌気状態で容器内に長期間密封した場合，エタ
ノールが大きく生成することを裏付ける結果が得られた．

表 1　試験 1 の GC/MS 測定結果と面積値比較表
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3.2．試験2
　試験 2 の目的は，収穫日の異なるコーンにおける嫌気呼
吸の再現性を調査することである．またマニュアル式ガ
ス希釈装置による窒素置換方法も検討した．各試料のエ
タノール量の経時変化を試験 1 の測定データと併せて図 5
に示す．試験 1 と試験 2 の窒素ガス置換試料（図 5 の●と
○）の経時変化は一致しており、再現性が高いことが分かっ
た．更に，マニュアル式ガス希釈装置を用いて窒素ガス置
換した試料（図 5 の□）においても同様にエタノールの増
加が観測でき，装置が利用できることも確認できた．なお，
試験 2 のガス置換無し試料（図 5 の△）については，種実
を捕集ビンに密封して 7 時間以上放置後に測定し，エタ
ノールの増加量が僅かであったことも確認できた．また先
の試験 1 のガス置換無し試料（図 5 の▲）ではエタノール
の若干の増加が観測されたが , 密閉された捕集ビン内で試
験 1 でのガス捕集が 3 回に対し , 試験 2 のガス置換無し試
料では 1 回の捕集であったことから，嫌気の度合いが試験
2 よりも試験 1 の方が高いためエタノールの生成量に差が
生じたと推定された．

4．総括

　2016 年にタイの食品会社がテスト製造したプラスチッ
クカップ詰めスイートコーンの水煮製品においてシール漏
れが発生した．その製造工程では原料のコーンを収穫後，
種実を切り出し，食塩水とともに容器に窒素置換充填し密

封後にレトルト殺菌しているが，原料をブランチング（酵
素失活）していない点が日本の一般的な製造方法と異なっ
ている．シール漏れ製品は密封後から殺菌処理までの時間
が長くなった製品において発生していることから，コーン
種実の嫌気呼吸により生成したエタノールが原因と推測
された．しかし，それを定量的に評価した事例が少ない
ことから実証する試験を行った．大容量ヘッドスペースガ
ス GC/MS 測定法により，保存中のエタノール量を経時的
に計測した結果，原料をブランチングせず，窒素置換し嫌
気状態で密封した場合，エタノールが大きく増加すること
が裏付けられた．なお，ガス置換しない場合，嫌気呼吸が
なくなりエタノールの生成を抑制できるが，その後の加温
殺菌工程において，大きく黒ずみ外観が悪く風味も劣化す
るため，窒素ガス置換工程は製造上必須である．ブランチ
ング以外にエタノール生成を防止するには，窒素ガス置換
後に速やかに殺菌処理することで対応できる可能性がある
が，時間管理が現実的に難しいため，一般にブランチング
が行われている．
　コーンのような野菜の嫌気代謝が加工製品製造において
無視できないことを最新の分析技術を用いて，定量的に評
価できた．製造技術や知見がある日本においては問題にな
らない事象であるが，海外での製造現場においては発生す
る恐れがあることを認識しておく必要がある．

参考文献

１） 妻谷勝弘（2002），「缶・びん詰，レトルト食品，飲料
製造講義Ⅱ（各論編）」，日本缶詰協会編，日本出版製
作センター，東京，pp.170-173．

２） 日本缶詰協会翻訳（1991），「缶・びん詰，レトルト食
品管理技術者のための缶詰食品（第 5 版）」，有限会社
モリサワ印刷，東京，pp.43．

図 5　試験 1 と試験 2 におけるエタノール経時変化
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Introduction

　Exposure of foods to light is increasing. The increasing 
number of round-the-clock grocery stores is one cause. Clear 
packages are desired for food safety, which also contributes to 
light exposure. According to the Japan Soft Drink Association, 
in Japan, the production of polyethylene terephthalate (PET)-
bottled beverages increased from nine million kL in 2003 to 
fifteen million kL in 2015, while the production of canned 
beverages and paper-container beverages was three million 
kL and two million kL respectively in 2015 [1]. It is reported 
that light exposure affects the quality of various PET-bottled 
beverages and causes color-change or fading [2,3]. Coincidence 
of color-change and fading makes it difficult to evaluate the 
degradation of products by measurement of color. Therefore, 
it is desirable to find marker-substances to evaluate the effect 
of light exposure. In this report, the effect of light exposure 
of PET-bottled citrus (orange and mandarin blend) juices was 
investigated and isomerization of feruloylputrescine (FP, CAS: 
501-13-3) was found on light exposure. The structure of FP 
is shown in Fig. 1. Some plants, such as tobacco [4], potato 
[5], eggplant [6] and bamboo [7], are reported to produce this 
substance, but we have not found any relevant reports about 
orange. In this paper, we report finding FP in orange juice, its 
isomerization under light, and the possibilities of using these 
properties.

Materials and methods

　Materials. Bottled 100% citrus juices (orange and mandarin 
blend) in 350-mL PET bottles were purchased directly from the 
manufacturer in lot units (Ehime Beverage Inc., Ehime, Japan). 
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These bottles were stored in a dark place (4°C) until use. Other 
beverages and fruits were purchased from supermarkets in 
Japan. Feruloylputrescine trifluoroacetic acid (purity 96%) was 
obtained from Santa Cruz Biotechnology Inc. (Dallas, USA). 
Other chemicals were obtained from Wako Pure Chemical 
Industries Ltd. (Osaka, Japan). In this paper, FP stands for 
feruloylputrescine, and FP standard stands for feruloylputrescine 
trifluoroacetic acid. 

　Light exposure of bottled citrus juices. For the preparation 
of artificially degraded samples, bottled juices were stored in 
three conditions: a dark place at 4°C (D4); a dark place at 25°C 
(D25); or a light place at 25°C under 4000 lx fluorescent light 
(L25). The storage periods were 1, 2 and 4 weeks. After each 
period, three bottles were picked up and stored in the dark at 4°C 
until analysis. 
　In addition to the conditions mentioned above, bottled citrus 
juices were also stored at 25°C under 800 lx fluorescent light for 
2, 4, 7 and 10 weeks, on the assumption that these juices are sold 
in stores and therefore exposed to low-intensity light for long 
periods. After each period, a bottle was picked up and stored 
in the dark at 4°C until analysis. In order to reveal the effect of 
temperature, bottled citrus juice was stored at 4°C under 1000 lx 
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Fig. 1 Structure of feruloylputrescine
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fluorescent light for 11 days.

　LC/MS measurement (triple-quadrupole, QQQ) of degraded 
samples. Each sample (i.e., D4, D25 and L25 stored for 1, 2, 
and 4 weeks) was filtered with a three-layered filter (Whatman 
syringe filter, φ25 mm, 0.45 μm) and injected into a LC/MS 
system comprising an Agilent 1260 Infinity binary LC and an 
Agilent 6430 triple-quadrupole LC/MS (Agilent Technologies 
Inc., California, USA). Analysis was carried out according 
to the method described by Kammerer et al. [8], with small 
modifications. Parameters were: column: Synergi Hydro-RP 
100A (100 mm × 3 mm, φ2.5 μm; Phenomenex Inc., California, 
USA); column oven temperature: 40°C; mobile phase: (A) 2% 
acetic acid, (B): 0.5% acetic acid/acetonitrile (1:1 v/v); flow rate: 
0.4 mL/min; injection volume: 5 μL; ion source: ESI (positive 
and negative ion modes); dry gas: nitrogen (350°C, 12 L/min); 
nebulizing gas: nitrogen (60 psi); capillary voltage: ±2500 V; 
fragmentor voltage: 100 V; and mass range: m/z 100–1000. 
Throughout this paper, the solvent changes were applied as a 
linear gradient, not a stepwise gradient. Solvent B was increased 
from 10% to 24% at 8 min, to 30% at 16 min, to 55% at 24 min, 
to 100% at 30 min until 33.2 min, then decreased to 10% from 
34 min until 36 min. 

　Principal component analysis of degraded samples. 
Principal component analysis (PCA) was performed using the 
statistical software Pirouette (Infometrix Inc., Washington, 
USA). Base ion chromatograms of samples were transformed 
into ANDI format using the analysis software Qualitative 
Analysis (Agilent Technologies Inc., California, USA) and 
aligned using the alignment software LineUp (Infometrix Inc.). 
A data matrix of retention time and peak intensity was generated 
using PiroTran ver. 1.35 (GL Science Inc., Tokyo, Japan). Peak 
intensity per 0.01 min was averaged and normalized. 

　LC/MS (Q-TOF) measurement of degraded samples. 
Sample L25 (4 weeks) was filtered with a three-layer filter 
(Whatman syringe filter φ25 mm, 0.45 μm) and injected into 
a LC/MS (Q-TOF) system using sodium acetate as an inner 
calibrant. The LC/MS system was comprising a LC20A 
(Shimadzu Corp., Kyoto, Japan) and a micrOTOF-QII (Bruker 
Daltonics Inc., Billerica, MA, USA). LC parameters were the 
same as mentioned above. MS parameters were: detection 
mode: AutoMSMS; mass range: m/z 50–1000; dry gas: nitrogen 
(200°C, 8 L/min); nebulizing gas: nitrogen (1.6 bar); capillary 
voltage: −4500 V for positive ion; hexapole RF: 200 V; 
quadrupole ion energy: 5 eV; collision gas: nitrogen (1.6 bar); 
collision energy: 10 eV; collision RF: 200 V; end plate offset: 
500 V. Analysis was performed using the software Data Analysis 
(Bruker Daltonics Inc.).

　Product ion scan of degraded samples and FP standard 
using LC/MS (QQQ). L25 sample (4 weeks) was diluted 10 
times with pure water and filtered with a membrane filter (0.45-
μm). FP standard solution (2 ppm) and L25 sample were injected 
into LC/MS (QQQ). The measurement was performed in product 
ion scan mode, using parameters precursor ion: m/z 265 and 
collision energy: 5 eV. The LC/MS system and other parameters 
were the same as described above.

　Isolation of a component changing according to light 
exposure. FP standard (50 mg) was dissolved in 30 mL of 70% 
EtOH. The solution was poured into a glass test tube with a 
screw cap and stored under 4000 lx fluorescent light at 25°C 
for 1 week. After light exposure, the solution was evaporated 
at 50 °C using a miVac Duo (Genevac Ltd., Suffolk, UK). The 
dried residue was dissolved in 0.5 mL pure water and injected 
into a preparative LC system comprising a Delta600 HPLC and 
Fraction Collector III (Waters Corp., Milford, MA, USA). The 
isolation program parameters were: column: Discovery HS F5-5 
(25 cm × 10 mm, Φ5 μm; Sigma-Aldrich Co. LLC., Missouri, 
USA); column oven temperature: 40°C; mobile phase (A): 0.1% 
formic acid, (B): acetonitrile; flow rate 8 mL/min; and injection 
volume: 250 μL. The solvent B profile was as follows: 5% for 5 
min, then increase from 5% to 25% over 5 min, to 35% over 10 
min, to 95% over 15 min, hold at 95% for 5 min, then decrease 
to 5% for the next injection. Samples were injected twice.
Each fraction was diluted 5 times with pure water and injected 
into LC/MS (QQQ). Fractions with a component change on light 
exposure were collected. After removal of acetonitrile using an 
evaporator, the collected solution was freeze-dried. Finally, 20 
mg of the isolate was obtained from 50 mg FP standard.

　NMR measurements. The whole isolate (20 mg) was 
dissolved in 1.2 mL D2O. FP standard was also dissolved 
in D2O (1 mg/mL) for comparison. D2O included 0.1% 
3-(trimethylsilyl)-propionic acid sodium salt as an internal 
standard. 1H, 13C, H-H Correlated Spectroscopy (COSY), 
Heteronuclear Multiple Quantum Coherence (HMQC), and 
Nuclear Overhauser Spectroscopy (NOESY) of the isolate and 
FP standard were recorded with a ECA400 (JEOL Ltd., Tokyo, 
Japan). Other parameters are shown in Table 1. The number 
of scans was decided depending on the methods used and the 
sample. All data were analyzed using Delta NMR Software ver. 
5.02 (JEOL Ltd.). 

　Quantification of FP. Degraded juices, other beverage 
products and fresh juices squeezed from raw fruits were 
diluted 10 times with pure water and filtered with 0.45-μm 
membrane filters. LC/MS (QQQ) parameters followed the 
previous description with small modifications: ion source: ESI 
(positive ion mode) and capillary voltage: −3500 V. The solvent 
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from 10% to 24% at 8 min, to 30% at 16 min, to 55% at 24 min, 
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Sample L25 (4 weeks) was filtered with a three-layer filter 
(Whatman syringe filter φ25 mm, 0.45 μm) and injected into 
a LC/MS (Q-TOF) system using sodium acetate as an inner 
calibrant. The LC/MS system was comprising a LC20A 
(Shimadzu Corp., Kyoto, Japan) and a micrOTOF-QII (Bruker 
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exposure. FP standard (50 mg) was dissolved in 30 mL of 70% 
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　NMR measurements. The whole isolate (20 mg) was 
dissolved in 1.2 mL D2O. FP standard was also dissolved 
in D2O (1 mg/mL) for comparison. D2O included 0.1% 
3-(trimethylsilyl)-propionic acid sodium salt as an internal 
standard. 1H, 13C, H-H Correlated Spectroscopy (COSY), 
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Nuclear Overhauser Spectroscopy (NOESY) of the isolate and 
FP standard were recorded with a ECA400 (JEOL Ltd., Tokyo, 
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sample. All data were analyzed using Delta NMR Software ver. 
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　Quantification of FP. Degraded juices, other beverage 
products and fresh juices squeezed from raw fruits were 
diluted 10 times with pure water and filtered with 0.45-μm 
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conditions were as follows: increase solvent B from 10% to 24% 
over 8 min, then to 100% at 8.01 min until 10 min, decrease 
to 10% at 10.01 min until 12 min, and then to 5% for the next 
injection. 
　Quantification was performed using a standard curve (FP 
standard concentrations: 0.1, 1, 3 and 5 ppm). FP concentration 
was calculated considering the ratio of FP (molecular weight: 
264.3) and FP standard (FP trifluoroacetic acid, molecular 
weight: 378.3). The detection limit of FP was 0.03 ppm.

　Heating experiment of FP to assess reversibility of 
isomerization reaction. Isolated cis-form FP was resolved in 
water (5 ppm). The solution was dispensed into 19 microtubes 
(1 mL/tube). The tubes containing FP solution were heated using 
a dry bath incubator (FastGene FG-01N; Nippon Genetics Co. 
Ltd., Tokyo, Japan) for 1, 2 and 4 h at 30, 40, 50, 60, 70 and 
80°C. After each period, a tube was picked up and applied to 
measurement. Samples were injected into LC/MS (QQQ) and 
ratio of trans-form FP to whole FP was determined for each 
sample. 

Results and Discussion

Analysis of degraded citrus juices

　Comparison among base peak ion chromatograms 
of samples D4, L25 and D25 (4 weeks exposure for each) 
showed that the intensity of a peak with a retention time of 
5.0 min increased on light exposure (Fig. 2). PCA of these 
chromatograms (positive ion mode) yielded clusters of samples 
stored in dark and light places (Fig. 3); samples stored in light 
places clustered according to the storage period. Considering 
the score plot, peaks around 5.1 min were observed at the 
positive side of the first principal component axis (PC1), and 
these around 6.8 min at the negative side, which indicates peaks 
around 5.1 min contributed to clusters of light-exposed sample 
and these around 6.8 min to the cluster of samples stored in 

the dark place (Fig. 4). Both peaks contained a molecular ion 
([M+H]+) with m/z 265.1. Hereafter, the component at 5.1 
min is named A, and that at 6.8 min is named B. There was no 
component A found in samples D4 and D25, and no changes in 
the amount of component B were observed in any of the samples 
stored in the dark. However, depending on the period of light 
exposure, the amount of component B decreased and that of 
component A increased (Fig. 5). 
　In previous studies, PCAs of GC/MS data, which have 
higher completeness and resolution than LC/MS data, have been 
reported to be useful in searching for fluctuating components 
[9,10]. Since results of LC/MS are highly dependent on 
parameters such as solvent and columns, it is often considered 
difficult to use LC/MS data for PCA. However, in this case, we 
succeeded in finding a fluctuating component in citrus juices 
using LC/MS data, which indicates LC/MS data can also be used 
in PCA. 

Fig. 3 Principal component (PC) analysis score plot for citrus juices 
stored in the light or in the dark.Sample labels (n = 3): △ , Dark 1 week 
(D1w); ◇ , Dark 2 weeks (D2w); ○, Dark 4 weeks (D4w); ▲, Light 1 
week (L1w); ◆ , Light 2 weeks (L2w); ●, Light 4 weeks (L4w).

Fig. 2 LC/MS (QQQ) base peak ion chromatograms of stored samples 
(positive ion).Chromatograms of samples stored in the at 4°C (D4), in 
the dark at 25°C (D25), or in the light at 25°C (L25) from above.

Table 1 NMR Parameters
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Structural identification of component B

　Accurate mass analysis of components A and B (n = 
2) showed that they had almost the same [M+H]+ ions, A: 
265.15495 and 265.15459; B: 265.15520 and 265.15464. 
Structures of both [M+H]+ were estimated to be C14H21N2O3 
(monoisotopic weight: 265.15522). Thus, components A and B 
were possibly structural isomers.
　Based on structural information from ChemSpider, 
feruloylputrescine (C14H20N2O3) was a candidate molecule. To 
compare FP and components A and B, citrus juice (D4, diluted 
10 times), FP standard (feruloylputrescine trifluoroacetic acid; 
2 ppm), and a mixture of them (1:1 v/v), were injected into LC/
MS (QQQ). Component B and FP standard showed the same 
retention time and MS spectrum (data not shown). A product 
ion scan of component A and FP standard (precursor ion: m/z 
265) indicated that component A produced the same fragment 
ion peak as FP standard (m/z 177; Fig. 6). From these results, 

component B was identified as FP, and component A had the 
same partial structure as component B and FP standard. 

Structural identification of component A

　Component A was isolated from light-exposed FP standard 
solution using a preparative LC/MS system. Purity was shown to 
be 98% by LC/MS (QQQ).
　The structure of FP is presented in Fig. 1. 1H NMR spectra 
and 13C NMR spectra of FP standard and component A are 
shown in Figs. 7 and 8. The assignment of each spectrum is 
presented in Table 2. Comparing 1H NMR and 13C NMR results 
for component A and FP standard, signals related to double-
bond such as H10, 11 and C10, 11, 12 were shifted more than 
other signals. Furthermore, coupling constants between H10–
H11 (see Fig. 1) were 15.7 Hz and 12.3 Hz for FP standard and 
component A respectively. It is reported that when two protons 
are in cis-form, the coupling constant between them is smaller 
than for the trans form (around 8–12 Hz for cis and 14–17 Hz for 
trans) [11]. In NOESY spectra, cross peaks are observed between 
protons located in a spatially close distance. Comparison of 
NOESY spectra of FP standard and component A indicated that 
a cross peak of H10–H11 was observed only in component A 
(Figs. 9 and 10). These results strongly suggest that FP standard 
and component A are cis-trans isomers, where FP standard is the 
trans-form, and component A is the cis-form. 
　There are some reports on substances generated by light-
exposure of fruit juices, but FP has not been mentioned [12, 
13]. Generally, trans-form compounds are said to be more stable 
than cis-form, due to the smaller effect of steric hindrance. 
Therefore, the structural change from trans to cis is an interesting 
phenomenon. As one example, some trans-form carotenoids in 
vegetables and fruits were reported to isomerize into cis-forms 
by the influence of heat or light [14]. However, we can find no 
report of light exposure of FP changing its structure from trans 
to cis. 

Fig. 4 PC analysis loading plot. Retention times (min) are marked for 
each spot.

Fig. 5 LC/MS (QQQ) extracted ion chromatograms of samples 
(positive ion, m/z = 265.1). Chromatograms of D4, D25 (4 weeks) or 
L25 (1, 2 and 4 weeks) from above. Peak with retention time of 5 min 
is [component A], and that with retention time of 7 min is [component 
B].

Fig. 6 Product ion spectra of component A (5.1 min retention time), 
component B (6.8 min) and feruloylputrescine (FP) standard from 
above. Precursor ion m/z = 265, CE 5 eV. Each peak represents 
fragment.
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Structural identification of component B
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Fig. 7 1H NMR spectra of FP standard and isolated component A. 
Numbers on peaks refer to positions of protons.

Fig. 8 13C NMR spectra of feruloylputrescine standard and isolated 
component A. Numbers on peaks refer to positions of carbons.

Fig. 9 NOESY spectrum of FP standard (extended). 1H NMR spectra 
of feruloylputrescine standard is shown on X-Y axis.

Fig.10 NOESY spectrum of component A (extended). 1H NMR 
spectra of component A is shown on X-Y axis. Characteristic cross-
peak of H10-H11 is indicated by black lines.

Table 2 Assignments of 13C and 1H NMR

C H



30 東洋食品研究所　研究報告書，32（2018）

Time-course change and distribution of FP in retail products
 
　In most grocery stores, the light intensity is around 700 to 
1000 lx. To reproduce this circumstance, bottles of citrus juice 
were exposed to 800 lx fluorescent light at 25°C. Quantification 
of FP in the juices showed that component B decreased and 
component A increased depending the period of light exposure 
(Fig. 11). The sum of component A and B at each time point 
showed a 5.6% variation coefficient, which indicated that 
isomerization proceeded stoichiometrically. These findings 
indicate that juices containing FP can be used as an indicator 
of light exposure. In addition to that, in citrus juice exposed to 
1000 lx fluorescent light at 4°C for 11 days, the concentration 
of trans-form and cis-form FP were 20.5 and 1.4 ppm each. 
The concentrations of trans-form and cis-form FP in citrus 
juices exposed to 800 lx fluorescent light at 25°C for 14 days　
were 18.1 and 1.1 ppm each (Fig.11). Even though there were 
little differences in the intensity of light (1000 or 800 lx) and 
exposure-periods (11 or 14 days), it could be concluded that the 
difference of storage temperature under 25°C didn’t have big 
effect on isomerization reaction of FP.
　Among beverage products in various packages (PET 
bottles, cans and papers), trans-FP was found in orange juice 
(9–21 ppm) and grapefruit juice (>30 ppm), but no trans-FP 
was detected in mandarin orange juice, apple juice, grape juice 
or tomato juice. Among fresh fruit juices squeezed from raw 
fruits, trans-FP was found in orange juice (9 ppm), grapefruit 
juice (50 ppm) and lime juice (1.5 ppm), but no FP was detected 
in mandarin orange juice or lemon juice. Cis-form FP was only 
found in a fresh grapefruit juice (0.5 ppm).

Reversibility and possible utility of FP isomerization

　Reversibility of the isomerization reaction of FP was 
confirmed by heating cis-form FP (30–80°C)—heating at >60°C 

was needed to isomerize FP from cis to trans (Fig. 12). 
　These days, commercial product delivery processes and 
product packages vary widely, and quality control techniques 
are well-developed. Even so, defective products are sometimes 
found, and, in many cases, a quick response is desired. FP could 
be used in researching the cause of defects. For example, when 
defects are found in products containing FP, quantification of 
cis and trans-form FP could be used to estimate the amount of 
light that products or crude materials were exposed to. For food 
products, other industrial products, and packaging development, 
the amount of each FP isomer could give information about 
light-blocking effects. As, cis-form FP was found to isomerize 
into the trans-form by heating at >60°C, it could be used as an 
indicator of the thermal history of a product.  Industrial use of 
FP thus has great potential. 

Summary

　Because of increasing concerns about food safety, clear 
packages are often used, which results in increasing light 
exposure of foods. In this report, we found two components in 
citrus juices that changed according to the light exposure. LC/
MS (Q-TOF) measurement showed that both components had 
the formula C14H20N2O3, and during the storage period one 
component increased while the other decreased. Further analysis 
using LC/MS and NMR showed that trans-form FP isomerized 
into the cis-form on exposure to light. FP could be used as 
indicator of light exposure of citrus juices. 

Author contribution

　Conceived and designed the experiments: Hidenobu 
Sumitani. Performed the experiments: Hidenobu Sumitani, 
Kayako Ogi, Takako Otsuka. Performed the PCA: Hidenobu 
Sumitani and Takako Otsuka. Analyzed NMR datas: Kayako 
Ogi. Contributed to the writing of the manuscript: Kayako Ogi 
and Hidenobu Sumitani. All the authors approved the final 

Fig. 12 Heating assay of cis-form feruloylputrescine (FP) (aqueous 
solution of component A). Ratio of trans-form FP (%) is plotted as a 
function of heating time (h).

Fig. 11 Light-exposure assay of feruloylputrescine (FP) standard under 
800 lx. Concentration of trans-form or cis-form FP (ppm) is plotted as 
a function of sample storage period (weeks). ■, concentration of trans-
form FP; ●, concentration of cis-form FP.
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