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Formation and Safety Evaluation of 5-Hydroxymethylfurfural in Black Garlic

WANG Congcong, ZHENG Zhenjia, LU Xiaoming, LI Ningyang, QIAO Xuguang>k
(Key Laboratory of Food Processing Technology and Quality Control in Shandong Province, College of Food Science and Engineering,
Shandong Agricultural University, Tai’an 271018, China)

Abstract: 5-Hydroxymethylfurfural (5-HMF), exerting both toxic and pharmacological effects, is produced by thermal
degradation of carbohydrates and the Maillard reaction during the aging process of black garlic. Understanding the formation
and safety of 5-HMF is important for evaluating the food safety of black garlic. To investigate the formation of 5-HMF in black
garlic during the aging process, in this study we measured the contents of 5-HMF, reducing sugar, total acid and total free amino
acids during the processing of black garlic, and analyzed the correlations between 5-HMF and other compounds. The effect of
5-HMF on the food safety of black garlic was investigated by a 28-day oral toxicity test in mice. This research found that the
contents of 5-HMF and total acids increased with processing time, while the contents of reducing sugar and total free amino
acids increased first and then decreased. 5-HMF content was positively correlated with the contents of total acid and reducing
sugar, but negatively correlated with the content of total free amino acids. Meanwhile, the oral toxicity test showed that a dose
of 2 g/kg m, of black garlic had no adverse effect on the health of mice, but a certain dose of 5-HMF caused an increase in the
activity of glutamic oxaloacetic transaminase and mild degeneration of renal tubular epithelial cells in mice. The results showed
the no observed adverse effect level (NOAEL) of 5S-HMF in mice was 200 mg/kg m,, which was 1 176 times higher than the
possible daily intake of 5-HMF by black garlic consumption. Therefore, although a certain dose of 5-HMF was slightly toxic
to mice, the daily intake of 5-HMF by black garlic consumption was much lower than the NOAEL of 5-HMF in mice. Hence it
can be concluded that 5-HMF has no adverse effect on the food safety of black garlic in the case of normal consumption.
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Fig.1  Changes of moisture contents during the aging process of black garlic
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Fig.2  Changes in 5S-HMF content during the aging process of black garlic
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Table 3  Effects of black garlic and 5-HMF on body mass of mice
every week (n =5)
R,
s 415 — —
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F U EGEAp L AR E R S-HMEF X/ R A 1k 36 br
A R FE



104 2022, Vol.43, No.03

B5oiltl F
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Table 5  Effects of black garlic and 5-HMF on blood biochemical
indexes of mice (n = 5)
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HEA 369 1330 2318 678223 163108 1002073 S2ELT  LIST0I8 3181046
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Table 6  Effects of black garlic and 5-HMF on visceral organ/body
mass ratios of mice (n = 5)
il 25 JENE AL B L IR BT L QAR L
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S-HMF-iE4l 0284001  1.50+£0.13  3.89£037  0.55£0.05
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Fig. 6  Effects of black garlic and 5-HMF on histopathological changes

of kidney tissues of mice (400 x)
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