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Elderberry Flower Production

0, 25, 50 and 100% flower harvest

Flower productivity

Effect on remaining fruit yield, size, 

and quality

Effect on plant growth

SORRY – Stay Tuned!



5

• California,

August 

26, 1983

• Uncertainty regarding the presence of cyanogenic glycosides 
(CNG’s) in American Elderberry.

CDC report - Poisoning incident
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• Nitrogenous secondary plant metabolites

• about 60 known 

compounds

• Found in over 2600 Plant 

species.

• Plant chemical defense 

compounds

• Subacute and acute 

cyanide poisoning 

depending on dose.

• Threshold to lethal  dose 

(0.5 to 3.5 mg per kg of 

body weight).

Figure 1: Generic structure of CNG’s

Cyanogenic Glycosides (CNG’s)
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The main objective of this research to accurately
analyze (identify and quantify) CNG’s in American
elderberry.

•Method of analysis

~ Picrate Paper Method

~ LC-MS/MS Method

Research Objective
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Amygdalin (0-100µg)   + 50µL of 
3U/mL β-glucosidase  enzymes in pH 8 

phosphate buffer + picrate paper
Overnight heating (16-24hrs/ 30-40°C)

Picrate Paper- filter paper in Picrate solution (1.4% 

w/v picric acid in 50 mL of 2.5% w/v Na2CO3

2

3

1

Materials & Method 



Control Test - Apple seeds 
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Two apple varieties: Granny Smith (GS) and Gala (G) apple seeds and juice

Figure 5: Picrate Paper results showing visible color change for apple seeds 



Control Test - Apple seeds 
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Two apple varieties: Granny Smith (GS) and Gala (G) apple seeds and juice

Results: Visible color change. Very high traces of  cyanide detected.

UV-Vis analysis at 510nm (λ): Avg. concentration between (49.75-60.32 ) µg CN- eq. per 0.1g or mL of sample

Levels:  Highest in the seeds of both varieties. 

Figure 6: Picrate Paper results showing results for apple seeds and juice
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Results: No color change. No cyanide detected

UV-Vis analysis at 510nm (λ): Concentration < 0.143µg CN- eq. (LLOQ)

100µL Juice + 10µL of 3U/mL β-

glucosidase  enzymes in pH 8 phosphate 
buffer + picrate paper No Color Change

AfterBefore

Sample Test 1– Commercial Juice Sample 



Sample Test 2– Ozone & Ozark AE Samples 

Sample tissues- juice, seeds, skin, stem
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Figure 6: Picrate Paper results for tissues of Ozone and Ozark elderberry samples 



Sample Test 2– Ozone & Ozark AE Samples 

Sample tissues- juice, seeds, skin, stem
13

Results: No visible color change. Very low levels of cyanide detected.

UV-Vis analysis at 510nm (λ): Avg. concentration < 1 µg  (0.26-0.92) µg CN- eq. per 0.1g or mL of sample

Concentration: Highest in Stems  and lowest in Juice

Figure 6: Total Cyanogenic potential for different tissues of Ozone and Ozark elderberry 



Sample Test 3–Composite AE samples 
Composite AE Samples: Ococee, Bob Gordon, Ozark, York & Wyldewood
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Figure 6: Picrate Paper  results for tissues of composite elderberry samples



Sample Test 3–Composite AE samples 
Composite AE Samples: Ococee, Bob Gordon, Ozark, York & Wyldewood
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Results: Visible color change. Very low levels of cyanide detected.

UV-Vis analysis at 510nm (λ): Avg. concentration < 4 µg (0.80-3.74) µg CN- eq. per 0.1g or mL of sample

Levels: Highest in stems & green berries. Lowest in juice.

Figure 6: Total Cyanogenic potential for different tissues of composite elderberry  samples



Results – compared to apple studies

Elderberry samples Concentration ± standard deviation (µg/g)

Amygdalin Dhurrin Prunasin Linamarin

Seeds Ozone 2.38 ± 0.09 0.27 ± 0.05 0.58 ± 0.04 0.12 ± 0.06

Ozark 0.68 ± 0.12 0.22 ± 0.03 0.36 ± 0.05 0.13 ± 0.05

Juice Ozone 1.57 ± 0.08 0.70 ± 0.12 1.45 ± 0.06 0.29 ± 0.03

Ozark 0.36 ± 0.03 0.63 ± 0.04 2.36 ± 0.08 0.31 ± 0.01

Skin Ozone 6.38 ± 0.40 0.12 ± 0.08 2.39 ± 0.04 0.75 ± 0.06

Ozark 3.48 ± 0.14 1.46 ± 0.20 2.53 ± 0.08 0.90 ± 0.11

Stem Ozone 5.42 ± 0.12 0.94 ± 0.06 2.84 ± 0.02 0.48 ± 0.04

Ozark 2.15 ± 0.17 1.91 ± 0.03 3.07 ± 0.06 0.57 ± 0.06

Apple3 Seeds 1000 – 4000

Pressed Juice 10 – 40

Commercial Juice 1-7
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Acute CN toxicity

0.5 - 3.5 mg/kg of body weight

SUMMARY-(AE-µg/g) stems (0.48-5.42), skin (0.12-6.38), seeds (0.12-2.38;) & juice (0.31-2.36)

(This work)

Table 1: Comparing results for this work (AE) to apple studies (15 varieties)



Results – compared to other studies
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Elderberry Tissue Type CNG’s (µg/g) Reference

American Pressed juice 0.31 - 2.36 This work

All tissues 0.12 - 6.38 This work

European Pressed juice 18.8 ± 4.3

Processed Juice 10.6 ± 0.7

Tea 3.8 ± 1.7

Spread 0.8 ± 0.19

liqueur 0.8 ± 0.21

flowers 1.23 - 18.88

Leaves 27.68 - 209.61

Table 2: Comparing results for this work with American Elderberry (AE) to other studies using 

European Elderberry (EE)

Acute CN toxicity

0.5 - 3.5 mg/kg of body weight



Processing methods
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• Effectiveness 
~ Montagnac et.al.12-processing steps, the sequence utilized & 

time-dependent.
e.g. soaking, fermenting and roasting removes about 98% CNG’s

~ Senica et.al.13-thermal processing, time and type of 
extraction solution 

12. Sen Montagnac J. A., Davis C. R., Tanumihardjo S. A. Compr. Rev. Food Sci. Food Safety 2009, 8, 17−27.

13. Senica, M., Stampar, F., Veberic, R., & Mikulic-Petkovsek, M. (2016). Food Science and Technology 2016, 72, 182-188

Elderberry CNG’s reduction%

Juice 44

Tea 80

Liquor 96

Spread 96

Table 3: Effect of thermal processing on CNG’S levels



Cyanogenesis
19

Figure 7: Enzymatic breakdown of amygdalin (a CNG) by endogenous enzymes: amygdalin hydrolase (AH), prunasin hydrolase (PH), mandelonitrile lyase 1(MDL1)

5. Islamiyat F. Bolarinwa, Caroline Orfila, Michael R.A. Morgan (2014 Food  Chemistry 152, 133–139



Test for endogenous enzymes
Composite elderberry tissues: Stems and green berry

Sep up: with  and without  external enzymes

Results: Lower CN- released (55 – 75%) in tissues without external enzymes.

Deductions: Although the elderberry tissues (stems and green berry) contain appreciable 

amount of endogenous beta glucosidase enzymes, it may not be sufficient for complete 

hydrolysis of all cyanogenic glycosides when the tissues are disrupted
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Summary 
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• Picrate paper method was successfully used to assess the total cyanogenic potential.

• A control test with two apple varieties showed high levels of cyanide in the seeds.

• No cyanide was detected in commercial (processed) elderberry juice 

• Levels of cyanide detected in tissues of fresh berries were very low; lowest in juice & 
seeds and highest in stems & green berries.

• Levels of CNG’s detected with LC-MS method were very low in all tissues and 
consistent with picrate results.

• Detected levels pose no threat to American Elderberry consumers. Excluding stems, 
green berries and leaves in juice preparation is recommended.


