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Abstract
In the assessment of the biosafety of genetically modified (GM) crops, a comparative approach 
to identifying similarities and differences between transgenic and non-transgenic crops is 
helpful in identifying potential safety and nutritional issues. In this study, we aimed to 
compare the nutritional composition of a protopanaxadiol-enhanced genetically modified 
rice (PPD GM rice) with its non-transgenic counterpart. The nutritional profile of PPD GM rice 
was assessed against that of the parental rice cultivar ‘Dongjin’ to ascertain nutritional 
equivalence. No differences were observed between PPD GM and Non-GM rice cultivar in 
proximate analysis, mineral content, and amino acid composition. Although significant 
differences were observed in crude fat, crude protein, total dietary fiber, and some minerals 
between PPD GM rice and Dongjin, these variances fell within the range suggested by common 
cultivars (Anmi and Nipponbare) and Organization for Economic Cooperation and Develop-
ment (OECD) data. Similarly, while some amino acids showed significant differences, these 
metabolites did not deviate from the OECD range. Principal component analysis (PCA) was 
conducted using the nutritional analysis data of PPD GM rice and Dongjin. The results revealed 
that PPD GM rice and Dongjin were grouped according to their respective cultivation years. 
This suggests that the variability in the nutritional composition of PPD GM rice tends to 
resemble that of the parental rice cultivar ‘Dongjin’ rather than being solely attributed to 
genetic modification. Overall, our findings indicate that the nutritional composition of PPD 
GM rice is substantially equivalent to that of its non-transgenic counterpart.

Keywords: genetically modified (GM), nutrient composition, protopanaxdiol, transgenic 
rice
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Introduction
(Panax ginseng Meyer) , Panax 

150 (Kim et al., 2017; Han et al., 2019; Mohanan 

et al., 2023). Protopanaxadiol (PPD) 2,3-Oxidosqualene dammarenediol-II (PgDDS) tetracyclic 

triterpene (dammarenediol-II) , dammarenediol-II triterpene protopanaxadiol CYP 

716A47 (Han et al., 2019). PPD (Kim et al., 2009), (Park et al., 2009) 

, PPD (Chun et al., 2015) (Han et al., 2019) 

(genetically modified crops, GM ) .

GM . 1996 GM GM 

1996 170 2019 29 1 9,040 112

(ISAAA, 2019). GM / /

(Conner and Jacobs, 2000; Ren et al., 

2009).

GM DNA , 

. GM (Choi et al., 2012). 

(Herman et al., 2009). 2016 (Organization for Economic Cooperation and Develop-

ment, OECD) GM non-GM 

, GM 

(OECD, 2016).

GM non-GM

. Woo (2014) tocopherol cyclase

GM , 

GM non-GM . Lee Cho (2018)

. Lee (2015) Ab

Bt , , , , 

, OECD 

.

Han (2019) protopanaxadiol (PPD) GM GM 

. PPD GM OECD

(Sim et al., 2023)

.
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Materials and Methods

PPD GM dammarenediol-II protopanaxadiol 

(Han et al., 2019) LMO (living modified organisms) 

(RDA- AB-2013-041) . 2021 2022 , PPD GM T5, 

T6 . 30 × 15 cm (RDA, 2012) . 

PPD GM , 2021 5 6 2021 6 4

, 2022 GM 4 25 2022 5 24 . 

3 4 m × 5 m . 2021 10 27 , 2022 10

25 2 . (Rice Husker TR-130, Kett Electric 

Laboratory Co., Ltd., Japan) . 3 .

105℃ , 600℃
(AOAC, 2005a). Soxhlet (Soxtec System HT 1043 extraction ulit, Foss Tecator, Eden Prairei, USA)

Diethyl ether (AOAC, 2000a). Semimicro-Kjeldahl (AOAC, 

2005b), 1.25% sulfuric acid 1.25% sodium hydroxide Henneberg-Stohmann 

(MFDS, 2019a). (MFDS, 2019b). 

.

(%) = 100 − ( % + % + % + %) (1)

(Pulverisette 6, Fritsch, Germany) 6N hydrogen chloride (HCl) 

, 110℃ 24 . HCl

. Sodium citrate buffer (pH 2.2)

(Amino acid analyser L-8500A, Hitachi, Japan) (AOAC, 2005c).

5 mL . 10 mL 70% 10 mL

450℃ . 

. 0.1 M . , , , 

, , , ICP-OEX (Integra XL Inductively coupled plasma optical emission spectrometer, 

GBC Co., Australia) (AOAC, 2000b).
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Protopanaxadiol 

100 mg 100% methanol 40℃ 30 . 

. Shimadzu LC system (Japan) , 

YMC-Pack Pro C18 RS (150 × 2.0 mm. D, S-5 µm, 8 nm, YMC Co., Ltd., Japan) . 40℃
. Liquid chromatograph-mass spectrometry ion trap/time-of-fight (LCMS-IT-TOF) (Shimadzu, Japan)

positive and/or negative ion mode atmospheric pressure chemical ionization (APCI) . 

protopanaxadiol , LC LCMS-IT-TOF Han 

(2019) .

3 SPSS (23.0.0 for Windows, Rel.23.0, 

2015. SPSS Inc., USA) p < 0.05 (ANOVA, Duncan )

. , SIMCA-P version 12.0 (Umetrics, Swaden) (principal 

component analysis, PCA) . , score plot 

loading plot .

Results and Discussion

2021 2022 protopanaxadiol (PPD) GM (non-GM )

Table 1 . PPD GM (Sim 

et al., 2023) OECD (OECD, 2016) . OECD 

Table 1. Analysis of the proximate compositions measured in non-GM rice and GM rice.

Varieties Years

Component (g/100 g DW)

Moisture Crude ash Crude protein Crude fat TDF
Crude fiber

(% DW)
Carbohydrates

Dongjin 2021   9.09 ± 0.04az 1.20 ± 0.06b 5.85 ± 0.02c 2.03 ± 0.05b 2.00 ± 0.01b 0.54 ± 0.08a 81.82 ± 0.09b

2022   6.76 ± 0.39b 1.32 ± 0.02a 6.55 ± 0.06b 2.25 ± 0.02a 1.89 ± 0.11b 0.63 ± 0.04a 83.12 ± 0.34a

Protopanaxadiol-

enhanced GM rice

2021   9.17 ± 0.10a 1.23 ± 0.01b 5.82 ± 0.04c 1.83 ± 0.06c 2.05 ± 0.05b 0.56 ± 0.04a 81.93 ± 0.02b

2022   6.70 ± 0.08b 1.34 ± 0.01a 6.81 ± 0.04a 2.00 ± 0.06b 2.35 ± 0.25a 0.68 ± 0.11a 83.15 ± 0.04a

Commercialy   9.44 - 12.66 1.09 - 1.37 5.71 - 7.53 1.95 - 2.63 1.73 - 3.94 0.65 - 0.92 78.32 - 80.80

OECD range 11.37 - 16.40 1.00 - 1.50 7.10 - 8.30 1.60 - 2.80 3.5 0.60 - 1.00 72.90 - 75.90

Variety NS NS ** *** * NS NS

year *** *** *** *** NS * ***

Variety × year NS NS ** NS * NS NS

Values indicate the mean ± standard deviation (SD) measures (n = 3).

GM, genetically modified; TDF, total dietary fiber; DW, dry weight; NS, not significant.
y Non-transgenic rice (Anmi and Nipponbare) by Sim et al. (2023).
z a - c: Values followed by the same letters are not significantly different at p < 0.05.

* p < 0.05; ** p < 0.01; *** p < 0.001.
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(Sim et al., 2023). 

. 2021 GM 9.11 - 9.29%, 9.06 - 

9.13% , 2022 PPD GM 6.60 - 6.76%, 6.32 - 7.05% . , 

2022 GM 2021

. 

(Sim et al., 2023) OECD (2016) (Table 

S1) . 2021 GM

. 2021 2022 GM

, Lee (2015) non-GM GM Ab

Bt 91.61 ± 0.21, 91.44 ± 0.23, 91.65 ± 0.38%

. PPD GM . 

2021 2022 GM Table 2 . GM

, , (Woo et al., 2014)

. GM , , 2021 2022

. , 2022 GM

. , 3 Sim (2023) OECD (2016)

, Lee Cho (2018) GM (Agb0103)

. (Huang et 

al., 2016), Du (2013) , 

. 6 - 9 , 

2021 6 - 9 12.9 - 20.4℃ , 30.5 - 44.3℃ . 2022 6 - 9

10.3 - 20.7℃ , 32.9 - 36.1℃ . , 2021 2022 8

Table 2. Analysis of the mineral levels measured in non-GM rice and GM rice. 

Varieties Years

Component (mg/100 g DW)

Calcium

(Ca)

Magnesium

(Mg)

Phosphorus

(P)

Potassium

(K)

Iron

(Fe)

Manganese

(Mn)

Sodium

(Na)

Zinc

(Zn)

Dongjin 2021   9.16 ± 0.27bz   91.49 ± 1.53c 291.85 ± 3.71b 199.85 ± 1.56c 1.01 ± 0.07b 1.68 ± 0.01c   8.60 ± 0.63c 1.63 ± 0.08b

2022 19.95 ± 10.39a 105.33 ± 3.48a 369.53 ± 51.36a 276.47 ± 27.39a 0.93 ± 0.14b 2.08 ± 0.04b   5.62 ± 0.34d 1.97 ± 0.33a

Protopanaxadiol-

enhanced GM rice

2021 10.22 ± 0.16ab   95.85 ± 1.21b 307.21 ± 1.33b 211.73 ± 4.08c 1.14 ± 0.13b 1.73 ± 0.03c 11.97 ± 0.44b 1.61 ± 0.04b

2022 11.58 ± 0.13ab 104.31 ± 0.39a 338.09 ± 4.77ab 242.31 ± 1.98b 1.55 ± 0.24a 2.21 ± 0.05a 13.50 ± 1.34a 1.73 ± 0.01ab

Commercialy 14.26 - 16.26 103.02 - 132.32 378.56 - 500.05 242.54 - 337.91 0.60 - 1.93 1.57 - 3.73   7.07 - 19.13 1.75 - 2.58

OECD range 10.00 - 60.00   20.00 - 170.00 200.00 - 500.00   70.00 - 320.00 0.20 - 6.00 0.20 - 4.20   2.00 - 40.00 0.70 - 3.30

Variety NS NS NS NS ** ** *** NS

year NS *** ** *** NS *** NS *

Variety × year NS * NS * * NS ** NS

Values indicate the mean ± standard deviation (SD) measures (n = 3).

DW, dry weight; GM, genetically modified; NS, not significant.
y Non-transgenic rice (Anmi and Nipponbare) by Sim et al. (2023).
z a - d: Values followed by the same letters are not significantly different at p < 0.05.

* p < 0.05; ** p < 0.01; *** p < 0.001.
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44.3, 34.9℃ 10℃ (Table S2). 

.

2021 2022 GM 18 Table 3 . 

2021 GM 2022

. 2021 GM glutamic acid 0.81, 0.84% 2022 GM

1.01, 1.02% 18 , aspartic acid

. 2021 2022 arginine, leucine, valine 

histidine, methionine, tryptophan . Kim (2017)

glutamic acid, aspartic acid, arginine, leucine 

, Woo (2014) ( ) GM (RTB5, RTB11) histidine, 

methionine, cysteine PPD GM . 

2022 GM 18 2021

, (Sim et al., 2023) OECD (2016) . , GM

.

Table 3. Analysis of the amino acid levels measured in non-GM rice and GM rice.

Component

(% DW)

Varieties

Commercialy OECD range Variety Year Variety × yearDongjin Protopanaxadiol-enhanced GM rice

2021 2022 2021 2022

Alanine 0.298 ± 0.010bz 0.358 ± 0.004a 0.292 ± 0.019b 0.355 ± 0.008a 0.22 - 0.36 0.37 - 0.59 NS *** *

Arginine 0.423 ± 0.019b 0.508 ± 0.002a 0.412 ± 0.029b 0.508 ± 0.005a 0.30 - 0.53 0.52 - 0.88 NS *** NS

Aspartic acid 0.465 ± 0.017b 0.557 ± 0.005a 0.454 ± 0.029b 0.555 ± 0.014a 0.35 - 0.58 0.59 - 0.96 NS *** *

Cysteine 0.191 ± 0.006c 0.221 ± 0.002b 0.200 ± 0.002c 0.223 ± 0.008a 0.15 - 0.22 0.15 - 0.28 NS *** NS

Glutamic acid 0.841 ± 0.023b 1.020 ± 0.014a 0.813 ± 0.041b 1.014 ± 0.033a 0.64 - 1.11 1.06 - 1.88 NS *** NS

Glycine 0.243 ± 0.010b 0.289 ± 0.002a 0.238 ± 0.017b 0.288 ± 0.005a 0.19 - 0.30 0.32 - 0.48 NS *** *

Histidine 0.129 ± 0.008b 0.154 ± 0.004a 0.123 ± 0.007b 0.150 ± 0.008a 0.10 - 0.15 0.16 - 0.27 NS *** NS

Isoleucine 0.205 ± 0.006b 0.249 ± 0.005a 0.198 ± 0.010b 0.245 ± 0.005a 0.14 - 0.24 0.22 - 0.40 NS *** *

Leucine 0.397 ± 0.012b 0.484 ± 0.004a 0.383 ± 0.022b 0.478 ± 0.015a 0.29 - 0.51 0.51 - 0.85 NS *** NS

Lysine 0.206 ± 0.009b 0.248 ± 0.012a 0.201 ± 0.015b 0.240 ± 0.004a 0.15 - 025 0.26 - 0.40 NS *** NS

Methionine 0.120 ± 0.001b 0.131 ± 0.006a 0.119 ± 0.005b 0.138 ± 0.003a 0.10 - 0.15 0.14 - 0.34 NS ** NS

Phenylalanine 0.266 ± 0.005b 0.331 ± 0.020a 0.255 ± 0.008b 0.316 ± 0.008a 0.19 - 0.33 0.32 - 0.55 NS *** NS

Proline 0.243 ± 0.011b 0.296 ± 0.008a 0.244 ± 0.015b 0.293 ± 0.006a 0.17 - 0.28 0.25 - 0.46 NS *** **

Serine 0.250 ± 0.007b 0.289 ± 0.003a 0.238 ± 0.010b 0.287 ± 0.015a 0.18 - 0.33 0.30 - 0.53 NS *** NS

Threonine 0.187 ± 0.006b 0.222 ± 0.003a 0.181 ± 0.011b 0.221 ± 0.008a 0.14 - 0.23 0.23 - 0.38 NS *** NS

Tryptophan 0.048 ± 0.002b 0.072 ± 0.007a 0.053 ± 0.012b 0.071 ± 0.005a 0.05 - 0.06 0.05 - 0.13 NS *** NS

Tyrosine 0.233 ± 0.007b 0.285 ± 0.007a 0.225 ± 0.011b 0.276 ± 0.002a 0.14 - 0.25 0.21 - 0.51 NS *** NS

Valine 0.302 ± 0.009b 0.375 ± 0.005a 0.293 ± 0.011b 0.365 ± 0.011a 0.22 - 0.37 0.37 - 0.59 NS *** *

Values indicate the mean ± standard deviation (SD) measures (n = 3).

GM, genetically modified; NS, not significant.
y Non-transgenic rice (Anmi and Nipponbare) by Sim et al. (2023).
z a - c: Values followed by the same letters are not significantly different at p < 0.05.

* p < 0.05; ** p < 0.01; *** p < 0.001.
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Protopanaxadiol 

2021 2022 PPD GM PPD Table 4 . 

protopanaxadiol (PPD) , 2021 PPD GM PPD 7.12 - 8.18 

µg/g DW, 2022 PPD GM 12.47 - 19.42 µg/g DW , 2021 2022

GM PPD 1.75 - 2.37 .

Table 4. Protopanaxadiol concentration in non-GM rice and GM rice. 

Variety
2021 2022

Dongjin Protopanaxadiol-enhanced GM rice Dongjin Protopanaxadiol-enhanced GM rice

Protopanaxadiol content

(µg/g DW)
ND 7.65 ± 0.53 ND 14.96 ± 3.87

Values indicate the mean ± standard deviation (SD) measures (n = 3).

GM, genetically modified; DW, dry weight; ND, not determined.

PCA 

PPD GM . PPD 

GM Non-GM

(Anmi) (Nipponbare) (Sim et al., 2023)

(Fig. 1). 4 (PPD GM , , , ) , 32

, PPD GM

. , score plot (Fig. 1A) PPD GM

. , 2022 PPD GM

. , PPD GM

. 2 76.2% , PPD GM

Non-GM . 

loading plot (Fig. 

1B). Loading plot , PPD GM

cysteine, serine , , , . 

, 

PPD GM . , , PPD 

GM . PPD GM

, 

. , 

protopanaxadiol PPD GM 32

.
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A

B

Fig. 1. Score (A) and loading (B) plots of the principal component analysis (PCA) results obtained from data on 
32 nutrients collected from four different genotypes (Dongjin-byoe, Protopanaxadiol-enhanced genetically 
modified (GM) rice, Anmi, Nipponbare) of rice cultivated for two years (2021 and 2022). Abbreviations: 21DJ, 
Oryza sativa L. cv. Dongjin cultivated in 2021; 21DS8, protopanaxadiol-enhanced GM rice cultivated in 2021; 
22DJ, Oryza sativa L. cv. Dongjin cultivated in 2022; 22DS8, protopanaxadiol-enhanced GM rice cultivated in 
2022; AM, Oryza sativa L. cv. Anmi; NB, Oryza sativa L. cv. Nipponbare; Ca, calcium; Mg, magnesium; P, phos-
phorus; K, potassium; Fe, iron; Mn, manganese; Na, sodium; Zn, zinc; Ala, alanine; Arg, arginine; Asp, aspartic 
acid; Cys, cysteine; Glu, glutamic acid; Gly, glycine; His, histidine; Iso, isoleucine; Leu, leucine; Lys, lysine; Met, 
methionine; Phe, phenylalanine; Pro, proline; Ser, serine; Thr, threonine; Try, tryptophan; Tyr, tyrosine; Val, 
valine.
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Conclusion
PPD GM  

. 2021

PPD GM (T5) 2022 GM (T6) 1.75 - 2.37 PPD 

, PPD . Non-GM PPD 

GM , , , , , 

( ) OECD . , 

. GM

.
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Table S1. The proximate content of rice seeds from Sim et al. (2023).

Proximate compound (g/100 g, DW) Anmi and Nipponbare (min - max)

Moisture   9.44 - 12.66

Crude protein 5.71 - 7.53

Crude fat 1.95 - 2.63

Crude ash 1.09 - 1.37

Crude fiber 0.65 - 0.92

Total dietary fiber 1.73 - 3.94

Carbohydrate 78.32 - 80.80

DW, dry weight.

Table S2. Environmental conditions at Jeonju region during the 2021 and 2022.

Year Month
Temp (℃)y

Rainfall (mm)z

Min. Max. Average

2021 6 12.9 33.6 22.6 144.5

7 20.4 35.8 27.1 224.0

8 19.6 44.3 26.0 357.5

9 13.6 30.5 22.8 199.0

2022 6 11.5 32.9 23.7 163.0

7 20.7 36.1 27.1 135.0

8 15.2 34.9 26.3 302.0

9 10.3 34.3 22.3   80.0

Source: http://weather.rda.go.kr/w/index.do.
y Mean value of daily temperature.
z Total volume of rainfall during 1 month.




