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ABSTRACT

The objective of this study was to determine the acute oral toxicity of steamed and dried ginger (Zingiber officinale
Roscoe, Zingiberaceae) extract (SDGE) in female and male Sprague-Dawley (SD) rats at doses of 0 and 5,000 mg/kg
body weight. After a single oral dose of SDGE, no treatment-related mortalities were observed within 14 days of
treatment up to 5,000 mg/kg, which is 2.5 times the limited dosage for rodents of both sexes. No SDGE-related changes
in body weight, clinical signs, or necropsy and histopathological findings were detected. The results suggest that SDGE
is non-toxic in rats. To determine the potential utility of SDGE in dermal applications, we investigated the acute dermal
irritation potential of SDGE in New Zealand white rabbits. No abnormal clinical signs attributable to SDGE were
detected. In the dermal irritation test, erythema, eschar, and edema formation were observed after 24 h of treatment, but
the skin returned to normal after 72 h. SDGE had a dermal primary irritation index of 0.0, showing that it was a non-
irritant. These results indicate that SDGE is non-toxic to the body and non-irritating to the skin, suggesting that it can be
used in pharmaceutical and dermal applications with no serious toxic effects at moderate doses.
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INTRODUCTION

Ginger (Zingiber officinale Roscoe,
Zingiberaceae) is a medicinal plant used globally and in
traditional Korean, Chinese, and Ayurvedic medicine to
treat a wide array of unrelated ailments, including pain,
arthritis, rheumatism, indigestion, vomiting, dementia,
fever, and viral infectious diseases includinginfluenza,
rubella and scarlatina (Ali et al., 2008; Jung et al., 2012;
Koo et al., 2012; Lee et al., 2012; Jung and Park, 2013).

In Korea, ginger is found in various products
and forms, including fresh, dried powder (Kwak et al.,
2014), sliced (Kim, 2011), and in tea (Sung et al., 2003).
To develop its potential as a functional food, several
attempts to extract new bio-functional materials from
ginger have been reported (Jung et al., 2012; Koo et al.,
2012; Lee et al., 2012; Jung and Park, 2013). However, to
improve the value of ginger products, new manufacturing
processes are needed, such as fermentation (Chun and
Chung, 2011), steaming (or steaming and drying) (Cheng
et al., 2001; Kim, 2011; Lee et al., 2012), aging (Lee et
al., 2012; Kim et al., 2013a; Kim et al., 2013b), roasting
(Wu et al., 1990), and processing (e.g., Beopje) (Kim et
al., 2012; Kim et al., 2014).

The health benefits of heat-treated or processed
ginger are reportedly superior to those of fresh ginger
(Cheng et al., 2001; Chun and Chung, 2011; Kim et al.,
2013a; Kim et al., 2013b). For example, steamed and
dried ginger extract (SDGE) showed an increased

anticancer potential (Cheng et al., 2001). In addition,
Kim et al. (2012) reported that SDGE had potential
benefits in dermal applications, as it exerted a strong
inhibitory effect against tyrosinase.

Although ginger is generally considered to be a
safe herbal medicine (Weidner and Sigwart, 2000) and an
effective alternative to several conventional medicines,
including antiemetic drugs (Boone and Shields, 2005), it
may be prudent for women to avoid using ginger or
ginger extracts during pregnancy (Marcus and Snodgrass,
2005). Moreover, several minor adverse effects are
associated with the use of ginger in humans. In one
clinical trial, involving 12 healthy volunteers who
received 400 mg ginger orally three times per day for 2
weeks, one subject reported mild diarrhea during the first
2 days of ginger pretreatment. Ginger may cause
heartburn and can act as a gastric irritant at doses above 6
g. Inhalation of ginger dust may induce immunoglobulin
E-mediated allergy (Chrubasik et al., 2005).

SDGE is regarded as environmentally safe,
without toxicity to humans or animals, at effective
concentrations (Cheng et al., 2001; Kim, 2011; Lee et al.,
2012). However, little information regarding the in vivo
oral toxicity and dermal irritation activity of SDGE, when
used as a health-promoting agent, is available for dermal
or pharmaceutical formulations (Cheng et al., 2001; Kim
et al., 2012). Therefore, we examined the potential acute
oral toxicological and dermal irritation effects of SDGE
in Sprague-Dawley (SD) rats and New Zealand white
(NZW) rabbits, respectively.
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MATERIALS AND METHODS

Materials and reagents: The fresh ginger used in this
study was purchased from a market in Busan, Korea,
washed with tap water three times, and then peeled. The
steamed and dried ginger (SDG) was prepared following
to the method of Kim et al. (2012) and Nam et al. (2012)
with slight modifications. Briefly, fresh ginger was
steamed at 96°C for 3 h, followed by hot air-drying at
50°C for 24 h. These procedures were repeated six times.
The yield of the SDG was about 10.5% that of fresh
ginger. The SDG was milled (HJM-15100; Hansung
Pulverizing Machinery Co. Ltd., Gwangju, Korea) for 10
min to produce a powder, which was then passed through
a 500-mesh sieve. To extract the water-soluble
components, 800 mL of distilled water was added to 200
g of sieved SDG powder, which was held at 80°C for 30
min. The extract was filtered through a paper filter (Toyo
Roshi Kaisha, Tokyo, Japan) to obtain the final filtrate,
which was freeze-dried for 2 days to a moisture content
of ~0.8% using a freeze-dryer (EYELA FDU-2100 with
DRC-1000; Tokyo Rikakikai Co. Ltd., Tokyo, Japan) to
obtain SDGE. SDGE was stored at 20°C until
experimentation. The yield of SDGE was ~11.9% that of
the SDG powder. High-performance liquid
chromatography-grade reagents (or the highest grade
available) were purchased from Sigma-Aldrich Co. Ltd.
(St. Louis, MO, USA), and all solutions were mixed with
ultra-pure deionized water (Millipore, Billerica, MA,
USA).

Single-dose oral toxicity test: In total, 20 female and 20
male 6-week-old SD rats (SLC, Tokyo, Japan) were used
after acclimatization for 5 days. Animals were housed
five per polycarbonate cage under controlled conditions,
with an ambient temperature of 22 ± 1°C, humidity of
40–45%, light intensity of 150–300 lx, and a 12-h
light/dark cycle. The animals were fed a commercial
laboratory diet (Samyang, Korea) and water ad libitum.
All animals were fasted overnight (~18 h) before
treatment and terminal necropsy. The acute oral toxicity
test for SDGE was approved by the Institutional Animal
Care and Use Committee (IACUC) of Silla University
(Busan, Korea; no. SUACUC-2016-013). The animals
were distributed into four groups of five rats upon receipt.
The highest dosage used in this study was 5,000 mg/kg in
a volume of 10 mL, a dose exceeding the recommended
oral dose for rats (Flecknell, 1996; OECD Guidelines no.
423, 2001; KFDA Guidelines Notification no. 2009-116,
2009). Distilled water was used as the vehicle. A single
oral dose was administered using a gastric gavage
attached to a 5-mL syringe. Control groups were
administered distilled water.

All abnormal clinical signs were recorded
before and after dosing, at least twice a day, based on the
functional observational battery test (Irwin, 1968;

Dourish, 1987). Body weight was measured on the day of
dosing (Day 0) immediately before treatment, and 7 and
14 days after dosing. To reduce the individual body
weight differences of animals during treatment, body
weight gains from Days 0 to 7, 7 to 14, and 0 to 14 were
calculated from the measured body weights at each time.

Macroscopic evaluation of stomach: A macroscopic
evaluation of the stomach was performed following the
methods of Cheng et al. (2013) and Fahmy et al. (2013),
with slight modifications. Briefly, the stomach and
intestinal tissues of the SD rats were fixed in 10%
formaldehyde immediately following sacrifice, processed
for histological examination according to the
conventional method, and stained with hematoxylin and
eosin. The morphologies of any observed lesions were
classified and recorded. First, any ulcerative lesions in the
stomach were examined under a 40× magnifying lens to
assess ulcer formation. Then, the number of ulcers was
counted. The ulcer score was determined as follows:
normal-colored stomach, 0; red coloration, 0.5; spot ulcer,
1; hemorrhagic streak, 1.5; deep ulcer, 2; and perforation,
3. The mean ulcer score for each animal was expressed as
the ulcer index (Fahmy et al., 2015).

Acute dermal irritation testing: Six specific-pathogen-
free NZW rabbits (2.10–2.56 kg) were purchased from
Samtaco Bio Korea Ltd. (Osan, Korea). Rabbits were
housed individually in stainless steel cages (W 405 × L
605 × H 365 mm) and acclimated to an environmentally
controlled room with a temperature of 22 ± 1°C, relative
humidity of 60 ± 5%, light intensity of 150–300 lx, and a
12-h light/dark cycle. Animals were provided with water
and laboratory rabbit pellet food (Agribrands Purina
Korea, Seongnam, Korea) ad libitum. The acute dermal
toxicity test for SDGE was approved by the IACUC of
Silla University (Busan, Korea; no. SUACUC-2016-012).
The application of SDGE to intact and abraded skin at the
treatment or control sites was performed according to the
methods of Draize et al. (1944) and Choi et al. (2015).
The day of application was designated Day 0. Rabbits
underwent one 24-h SDGE treatment. The amount of
SDGE was set at 0.5 mL/square (Draize et al.,1944).
Clinical signs were observed at least once per day
throughout the experimental period. Body weight was
measured on the day of animal receipt, and on Days 0, 1,
and 3. The patches were removed 24 h after the treatment,
and any remaining SDGE was washed away using a
physiological saline solution. Macroscopic scoring of
erythema, edema, bleeding, and eschar formation was
performed 30 min after removing the patches and 72 h
after the initial application. Edema was evaluated using
the grading criteria of Draize et al. (1944). The
erythema/eschar and edema scores at 24 and 72 h were
added and divided by 6 (the number of animals), and the
sum of the mean values was divided by 4, the product of
the number of application sites and the number of
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observations used to calculate the primary irritation index
(PII). The dermal irritation potential was evaluated using
the PII, and the ability of SDGE to cause irritation was
classified as follows: non-irritant, 0.0–0.5; mild, 0.6–2.0;
moderate, 2.1–5.0); and severe, 5.1–8.0. In addition, any
clinical signs observed after SDGE treatment were
considered (OECD guideline, no. 404).

RESULTS

Acute oral toxicity of SDGE: No SDGE-related
mortalities were recorded up to 5,000 mg/kg in the
treated groups of both female and male rats. All SDGE-
treated rats survived for the experimental period of 14
days, and all rats were subjected to the terminal necropsy.
No SDGE treatment-related clinical signs were recorded
up to 5,000 mg/kg in the female or male treatment groups.
No meaningful changes in body weight were detected in

any SDGE-treated rats compared with the controls (Table
1).

Macroscopic evaluation of stomach: No SDGE
treatment-related red coloration or ulcers were recorded
in the female or male treatment groups receiving 5,000
mg/kg (Fig. 1). Therefore, the mean ulcer score and ulcer
index of SDGE were 0.0 and 0.0, respectively.

Acute dermal irritation of SDGE: No mortality, clinical
signs, or significant body weight changes attributable to
the application of SDGE in any animals were observed
during the experimental period (data not shown). No
erythema, eschar, or edema was observed at the SDGE
treatment or control site in any animals tested after 24
and 72 h of treatment (Table 2; Fig. 2). The PII of SDGE
was determined to be 0.0; therefore, it was classified as a
non-irritant in this acute dermal irritation test.

Table 1. Body weights of SDGE-treated SD rats (unit, g).

Sex Dose
(mg/kg)

Days after dosing Boy weight gain
0 7 14 0-7 7-14 0-14

Male 0 198.7±8.72 235.8±11.07 295.0±8.19 37.1±7.42 59.2±9.85 96.3±9.14
5,000 202.3±6.34 238.1±10.79 294.6±11.50 35.8±6.76 56.5±4.82 92.3±8.52

Female 0 162.6±2.39 183.5±8.73 214.0±12.39 20.9±7.07 30.5±5.93 52.0±8.21
5,000 159.7±4.71 185.7±15.72 218.3±6.86 26.0±8.50 32.6±8.29 58.6±9.30

Mean ± standard deviation, n = 5.

Table 2. Changes in body weight of SDGE-treated NZW rabbits.

Sex Animal
number

Hours after application (g) Gains
0 72

Test material Female 1 2563.7 2786.4 222.7
2 2351.4 2541.6 190.2
3 2208.6 2361.5 152.9
4 2207.3 2385.7 178.4
5 2365.4 2487.4 122.0
6 2104.5 2341.5 237.0

Table 3. Skin reaction grades and indices after SDGE application to NZW rabbits.

Evaluation of irritation

Site
Control Treatment

Intact Abraded Intact Abraded

ID Response Erythema
(Es) b)

Edema Erythema
(Es)

Edema Erythema
(Es)

Edema Erythema
(Es)

Edema

Timea) 24 72 24 72 24 72 24 72 24 72 24 72 24 72 24 72
1 0 0 0 0 0 0 0 0 0 0 (Es) 0 0 0 0 (Es) 0 0
2 0 0 0 0 0 0 0 0 0 0 (Es) 0 0 0 0 (Es) 0 0
3 0 0 0 0 0 0 0 0 0 0 (Es) 0 0 0 0 (Es) 0 0
4 0 0 0 0 0 0 0 0 0 0 (Es) 0 0 0 0 (Es) 0 0
5 0 0 0 0 0 0 0 0 0 0 (Es) 0 0 0 0 (Es) 0 0
6 0 0 0 0 0 0 0 0 0 0 (Es) 0 0 0 0 (Es) 0 0
Total 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Mean 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sum of Means 0.00 0.00
PII c) 0.00 0.00
a) Hours after treatment; b) Es, eschar formation; c) PII = sum/4

Fig. 1. Stomach morphology of Sprague-Dawley rats treated with steamed and dried ginger (Zingiber officinale
Roscoe, Zingiberaceae) extract (SDGE) after 14 days. The photomicrographs of hematoxylin and eosin-
stained tissue were imaged at a magnification of 40×. A: Male. B: Female.

Fig. 2. Skin reaction after dermal administration of SDGE (0.5 mL/square) on specific-pathogen-free New
Zealand white rabbits. A: Skin reaction 24 h after treatment. B: Skin reaction 72 h after treatment, T:
SDGE-treated skin, C: control (distilled water) skin.

DISCUSSION



Kim and Choi The J. Anim. Plant Sci. 27(6):2017

1826

The main pharmacological actions of ginger
and ginger extracts include immunomodulatory,
antitumorigenic, anti-inflammatory, antiapoptotic,
antihyperglycemic, antilipidemic, and antiemetic actions.
Ginger has strong antioxidant activity and may either
mitigate or prevent free radical generation. It is
considered to be a safe herbal medicine with only a few,
non-significant adverse side effects (Ali et al., 2008; Bae
and Kim, 2011).

Various processing techniques have been
applied to ginger, including fermentation (Chun and
Chung, 2011), steaming (or steaming and drying) (Cheng
et al., 2001; Kim, 2011; Lee et al., 2012), aging (Lee et
al., 2012; Kim et al., 2013a; Kim et al., 2013b), and
roasting (Wu et al., 1990), in an attempt to improve its
pharmacological effects, stability, and overall acceptance
(including taste and scent) while alleviating mild adverse
effects.

Steaming, or steaming and drying, is a common
processing technique used in oriental herbal medicine to
improve the functionality of an herbal medicine. For
example, repeated steaming and drying is used to process
black ginseng (Shin, 2008) and Platycodon grandiflorum
(Yang et al., 2014), to improve their pharmacological
effects. Recently, a steaming and drying procedure was
adapted for ginger. According to Kim et al. (2012),
steaming was performed at 115–130°C for 20–50 min,
and drying was performed at 50–70°C for 12–24 h. These
procedures were repeated six to seven times. The SDGE
(final concentration, 5 mg/mL) exhibited a skin-
whitening effect via a strong inhibitory effect on
tyrosinase.

Ginger is generally considered to be a safe
herbal medicine (Weidner and Sigwart, 2000). According
to Weidner and Sigwart (2000), the ginger preparation
Eurovita Extract 33, administered to pregnant rats during
the period of organogenesis, showed no maternal or
developmental toxicity at daily doses of up to 1,000
mg/kg body weight. Conversely, Wilkinson (2000)
reported some adverse effects of ginger in pregnant rats.
Ginger tea (15, 20, or 50 g/L) was administered via the
drinking bottles of pregnant SD rats from Days 6 to 15 of
gestation. The rats were sacrificed on Day 20. No
maternal toxicity was observed, but embryonic loss in the
treatment group was double that of the control. In a study
of the acute toxicity of ginger, an 80% ethanol ginger
extract was well tolerated orally in male albino Swiss
mice up to a dose of 2.5 g/kg, with no mortality or side
effects except mild diarrhea in two animals. However,
doses of 3.0 and 3.5 g/kg of the extract resulted in
mortalities of 10–30% and all mice died due to
involuntary contractions of skeletal muscle within 72 h of
administration. Other symptoms included gastrointestinal
spasm, hypothermia, diarrhea, and anorexia (Mascol et
al., 1989). In addition, acute toxicity of ginger was
reported (Anonymous, 2003) after administering an 80%

ethanol extract in mice. At 2.5 g/kg, no mortality was
observed, although two out of ten animals experienced
mild diarrhea. However, doses of 3 and 3.5 g/kg resulted
in moralities of 20 and 30%, respectively, within 72 h of
administration. The acute oral dose at which 50%
mortality is observed (LD50) in rats, and the acute dermal
LD50 in rabbits of ginger oil, exceeded 5 g/kg body
weight (Anonymous, 2003). In addition, some minor
adverse effects are associated with the use of ginger in
humans, including mild diarrhea, heartburn, and gastric
irritation (Chrubasik et al., 2005).

In this study, No SDGE treatment-related
mortalities, clinical signs, or abnormal necropsy findings
were recorded up to 5,000 mg/kg (i.e., 2.5 times 2,000
mg/kg; the limited dosage in rodents) in the male or
female treatment groups (Table 1). The weight gain
results were consistent with age-related weight gain
observations, showing no toxic effects (Choi et al., 2012).
In general, when toxic effects are observed, body weight
loss or death occurs. Because such outcomes were not
observed in this study, we deemed SDGE to be safe. The
Globally Harmonized System of Classification and
Labeling of Chemicals (2011) classifies compounds into
five toxicity categories based on the amount of ingested
material that proves toxic: 2,000–5,000 mg/kg,
potentially harmful; 300–2,000 mg/kg, harmful; 50–300
mg/kg, toxic; 5–50 mg/kg, fatal; and <5 mg/kg, fatal. In
this study, no toxic effect was observed at a concentration
of 5,000 mg/kg; therefore, SDGE is considered to be safe
under this classification. At Day 14 following the single-
dose administration, all animals survived and no
abnormal necropsy findings were observed. In
accordance with the Korea Food and Drug
Administration recommendation (2012) that histological
examinations be performed only after abnormal necropsy
findings, histological examination of the organs was not
performed.

Ginger has been reported to stimulate gastric
juice secretion and promote digestion when used as a
stomachic (Seo et al., 2003). According to Kim et al.
(2012), ginger and processed ginger extracts inhibited
HCl–ethanol-induced gastritis in rats. Furthermore,
gastroprotective (Al-Yahya et al., 1989), antigastritic, and
anti-ulcerative (Yang et al., 1992) effects of ginger
extract have been reported. Conversely, only minor
adverse effects are associated with the use of ginger in
humans, including mild diarrhea, heartburn, and gastric
irritation (Chrubasik et al., 2005). Therefore, we
performed a macroscopic evaluation of the stomach in the
5,000 mg/kg SDGE treatment groups. No SDGE
treatment-related red coloration or ulcers were recorded,
and the mean ulcer score and ulcer index of SDGE were
0.0 and 0.0, respectively, in both female and male SD rats
(Fig. 1). Therefore, SDGE does not appear to induce
gastritis or ulcers at moderate doses.
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Steamed ginger extract has been suggested as
an external remedy for skin. According to Komazaki et al.
(1986), shogaol and zingerol from ginger have excellent
preventive effects against skin flushing and roughening
caused by sunburn, razor rash, and inflammation. A
mixture of Citrus sunki and gingerextracts exhibited
antioxidant and anti-aging effects by removing
superoxide anions, promoting skin cell proliferation and
collagen neo-synthesis, and decreasing the secretion of
cytokines generated by oxidative stress. Kim et al. (2012)
reported on the potential of SDGE for dermal
applications; however, SDGE has not been investigated
for its ability to cause dermal irritation.

In this study, no abnormal clinical signs
attributable to SDGE were detected in any of the tested
rabbits. In the dermal irritation test, erythema, eschar, and
edema formation were observed 24 h after SDGE
treatment, but the skin returned to normal after 72 h.
SDGE had a dermal PII of 0.0, classifying it as a non-
irritant. These acute oral toxicity and dermal sensitization
results suggest that SDGE is non-toxic and non-irritating
to skin, indicating that it can be used in pharmaceutical
and dermal applications with no serious toxic effects at
moderate doses.

The results of this study suggest that SDGE is
non-toxic in rats; therefore, it is likely to be safe for
clinical use. The sensitization level of SDGE in rabbits
was classified as non-irritating when applied to skin,
indicating that it can be used in dermal formulations and
pharmaceutical applications with no serious toxic effects
at moderate doses.

Conflict of interest: The authors declare no conflict of
interest.
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