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ABSTRACT: The French Lentil & Leek Crumbles frozen food product was )

recently recalled due to reports of gastrointestinal issues. So far, 393 adverse \

illness complaints and 133 hospitalizations have been reported from

consumption of this food, and the tara (Tara spinosa) protein flour ingredient o Tara flour (from seeds of Tara spinosa)
is hypothesized to be responsible. A multipronged approach resulted in %{

|

identification of (S)-(—)-baikiain in tara as a compound of interest due to its coom
abundance, possible metabolic fate, and close resemblance to irreversible g Baikiain
inhibitors of L-pipecolate oxidase. Oral administration of baikiain in ND4 mice

showed a statistically significant increase in blood ALT levels and a reduction .~ " l

g g —
in liver GSH. ﬁ » Blood AL
t ! Liver glutathione
 »

5

O n June 17, 2022, Daily Harvest (New York, NY) issued a rich in hydrolyzable tannins (between 40—60% by mass),"

voluntary recall of about 28,000 units of their newly which are used mainly for the industrial production of tannins,
launched French Lentil & Leek Crumbles frozen food product while the seeds are used as a source of gum.” The objective of
(1 serving size, 113 g) due to gastrointestinal (GI) issues. Case this research was to undertake a multipronged pharmacognosy
counts received by the FDA total 393 adverse illness events approach to assess the quality and safety of the tara flour
and 133 hospitalizations related to the consumption of this ingredient within the Daily Harvest’s Crumbles product.
product within 39 US states due to complaints of GI, liver, Initial analytical/chemical studies focused on confirming
gallbladder, and(or) bile duct problems.l that the Crumbles product was free from common food
Initial testing of the frozen food product resulted in negative toxicants. Tara flour raw material was determined to be free

results for common food toxicants—microbial pathogens,
mycotoxins, major allergens, heavy metals, pesticides, hepatitis
A, and norovirus.” Out of the 27 components in the Crumbles,
Daily Harvest suspected tara flour was the potential problem
since the ingredient was unique to this product (it had never
been used in any other product sold by Daily Harvest).
Compellingly, similar adverse health events were reported for
consumption of the Revive Superfoods (Oakville, ON,
Canada) Mango and Pineapple smoothies which also contain
tara protein as an ingredient. Tara flour is a new plant-based
protein ingredient manufactured from the seeds of the South
American tree Tara spinosa (Feuillé ex Molina) Britton & Rose
(synonym: Caesalpinia spinosa (Molina) Kuntze) which is one Received: March 29, 2023
of the three accepted species in the genus Tara (Legumino- Published: May 31, 2023
sae).” Tara spinosa is primarily cultivated in Peru (responsible

for >80% of the world supply) as a rich source of tannins based

on a galloyl quinic acid structure. Tara pods (without seeds)

represent approximately 65% (by mass) of the fruit and are

from intentional, accidental, and economic adulteration or
spiking with synthetics. Other toxic compounds were absent,
including amatoxins, phallotoxins, aflatoxins, microcystins, and
pyrrolizidine alkaloids. ICP-MS analysis of lead, chromium,
cadmium, and arsenic showed that the product was within
acceptable, safe limits. A high-quality DNA extracted from the
tara protein flour was instrumental in ensuring the authenticity
of raw materials used in Daily Harvest’s Crumbles product.
Amplification of the ITS, psbA-trnH, trnL-trnF, and matK
genomic regions and BLAST analysis against the NCBI
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databases resulted in 98.6—100% of sequence similarity to the
sequence of Tara spinosa (Table S1).

Along with tara protein flour used in the Crumbles product,
a botanically verified voucher sample was used to establish the
comparative analytical fingerprints using LC-QToF-MS
(Figure S1). For example, analysis of hydrolyzable mono, di,
tri, and tetra O-galloylquinic acids (tannins) helped establish
that tara flour originated from the cotyledons without
significant contamination from the husk. Histochemical
analysis of a ferric chloride-stained seed cross-section
confirmed that the total phenols were mostly localized in the
outer pericarp, inner testa, and tegmen regions (Figure S2).
Instead, cotyledons were enriched with several small molecule
(nonprotein) amino acids, fatty acids, and sugars (Figures S3
and S4). Mass, NMR, and optical rotation data confirmed the
identity of two functionalized amino acids, L-3-hydroxyme-
thyltyrosine (3-HMT) and L-3-hydroxymethylphenylalanine
(3-HMP)® and (S)-(—)-baikiain’ (Figures SS, S6, and S7), in
the extract of tara cotyledons reference material and Daily
Harvest tara flour, as shown in Figure 1.

COOH
COOH COOH
| NH,
NH HO’ NH,
OH
OH

Figure 1. Three major nonprotein amino acids (from left to right:
baikiain, 3-HMT, and 3-HMP) were identified in tara protein flour.

All three nonprotein amino acids were present at high levels
in the tara flour: (S)-(—)-baikiain (3% w/w on dry weight
basis), L-3-hydroxymethyltyrosine (1.5%) and L-3-hydroxyme-
thylphenylalanine (0.6%). Although previously isolated from
Caesalpinia ;pinosaé and from the toxic mushroom Russula
subnigricans,” no published toxicology studies have been
reported on the pure compound baikiain. However, under
physiological conditions, it is plausible that baikiain could
metabolize into reactive intermediates 4,5-epoxypipecolic acid
(via CYP-mediated oxidation) or 4- or S-hydroxypipecolic
acids (via hydration) that induce glutathione depletion and
inactivation of detoxifying enzymes. Indeed, baikiain® and its
oxidized metabolite, 4,5-epoxypipecolic acid,” are reported as
strong, time-dependent, irreversible inhibitors of L-pipecolate
oxidase, an enzyme that mediates protection against oxidative
stress and “repair” of abnormal metabolites."’

Hemagglutination, mitogenic, and prooxidant activities were
evaluated since compounds exhibiting these properties can
cause toxic responses and induce nonspecific immune
stimulation resulting in symptoms like some of the adverse
events reported by consumers of the Daily Harvest Crumbles
product. For example, consuming foods containing high levels
of lectins (beans, grains, seeds, and nuts) may result in acute
gastrointestinal distress, nutritional deficiencies, immune
allergic reactions, and food poisoning."'~"?

Crude extracts of tara protein flour (water, methanol, and
dichloromethane) and the nonprotein amino acids isolated
from tara flour showed no hemagglutination effect (Figure 2).
The presence of the mitogen PHA was evaluated using an in
vitro bioassay that selectively detects TLR4 activators. PHAs
are water-soluble toxins that activate the TLR4 signaling
pathway, but their activity is not reduced by treatment with the
LPS-inhibitor polymyxin B.'* A crude water extract from tara
flour (1 g of raw material extracted with 10 mL of endotoxin-
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Figure 2. Hemagglutination effect of tara flour extract and pure
compounds in human erythrocytes. The highest concentration was 10
mg/mL for extracts, 2.5 mg/mL for pure compounds, and 0.5 mg/mL
for PHA lectin control with 2X serial dilutions from left to right.

free water at room temperature for 1 h) exhibited TLR4
stimulatory activity. However, the detected activity was
inhibited by treatment with polymyxin B and was, therefore,
likely due to LPS in the sample. This data and the
hemagglutination results indicate that PHA and other toxic
lectins are not present at detectable levels within the tara
samples and compounds tested.

Two assay systems were employed to screen samples for
prooxidant activities since oxidative stress could result in toxic
effects such as depletion of cellular ATP. The first bioassay,
using human hepatic cells to measure the production of
intracellular reactive oxygen species (ROS), showed that
neither water extract nor pure compounds produced any
significant induction of ROS (Table S2). The second bioassay
used red blood cells treated with carmustine to induce
disruption in glutathione homeostasis (an in vitro system
mimicking glucose-6-phosphate dehydrogenase-deficient cells).

No detectable depletion of glutathione was observed for any
compounds (tested at 100 and SO0 ug/mL) or crude water,
methanol, or dichloromethane extracts of tara flour (tested at
concentrations between 0.25 to S mg/mL). Results from both
assays indicate that tara does not contain substances that cause
oxidative damage.

Overall, the in vitro data indicates that tara flour does not
exhibit hemagglutination, mitogenic, or prooxidant toxic
attributes. In addition, it is unlikely that tara flour components
exhibit hepatotoxicity since the extracts (tested up to 100 ug/
mL) and the nonprotein amino acid compounds (tested up to
10 ug/mL) exhibited no cytotoxic effects on HepG2 cells.
However, future research is warranted to determine whether
there are metabolites/breakdown products of tara-derived
compounds formed in vivo that could exhibit any of the in vitro
activities tested.

The absence of toxic effects for tara extracts and isolated
compounds observed using the in vitro bioassays may be due to
the limitation of these systems to reflect the in vivo condition
(e.g, complexity of organ systems, reactive intermediates,
formation of toxic metabolites, etc.). Therefore, an initial
investigation was performed using a mouse model to evaluate
the potential in vivo toxicity of oral administration of baikiain,
the most abundant nonprotein amino acids in tara flour.
Markers of hepatic health were evaluated since liver problems
were one of the adverse events reported by consumers of the
Daily Harvest Crumbles product. For several reasons, a high
dose (1 g/kg body weight) was selected for investigation. First,
the Crumbles product was as food (1 serving size, 113 g), and
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Table 1. Effect of Oral Administration of Baikiain (1g/kg) in ND4 Male Mice on Parameters of Acute Toxicity”

0Oh 2 h-Post treatment 4 h-Post treatment 6 h-Post treatment

Control Baikiain Control Baikiain Control Baikiain Control Baikiain
ALT (U/L) 34(1.8) 31(0.90) 48(2.7) 81(10.0)* 59(3.1) 190(71)* 66(3.9) 230(81)*
BUN (mg/dL) 22(1.0) 21(1.3) 24(1.1) 27(2.0) 32(12) 2(2.7)* 33(1.6) 61(3.7)"
CRE (mg/dL) 022(0.013)  024(0.024)  024(0.016)  0.34(0.053)  025(0.027)  0.58(0.11)*  0.2(0.00) 0.63(0.075)*
ALB (g/dL) 42(0072)  40(0.089)  3.8(0.094)  3.6(0.094)  3.7(0.083)  3.6(0.14) 3.5(0.071) 3.3(0.12)
ALP (U/L) 136(9.9) 129(6.2) 128(9.6) 110(4.9) 123(7.1) 122(6.2) 115(5.5) 118(5.1)
TBIL (mg/dL) 0.30(0.0) 0.30(0.0) 0.30(0.0) 029(0.011)  0.30(0.0) 027(0.017)  028(0.013)  0.26(0.016)
AMY (U/L) 1100(45) 1200(53) 1200(27) 1300(78) 1300(36) 1600(95)*  1198(42.69)  1532(131.8)1
GSH (pug/mg) in liver tissue 675(49) 207(61)"

“Values are means + SEM, n = 10 mice per group. Two-tailed ¢ test comparisons (p < 0.05, *p < 0.01, p < 0.001).

therefore, it was likely consumed at levels substantially higher
than a supplement or drug. Second, the toxicity may be due to
a minor metabolite of baikiain formed under in vivo conditions
(similar to acetaminophen). Ingestion of acetaminophen (at
the recommended dose) is considered safe, but an overdose or
underlying anomalies in detoxifying mechanisms can result in
liver and kidney toxicity as well as glutathione depletion due to
increased levels of the active metabolite N-acetyl-p-benzoqui-
none imine. High oral dosage levels (e.g,, 1 g/kg) are used in
rodent models investigating acetaminophen overdose toxicity.

A statistically significant increase in blood ALT levels (2-, 4-
and 6-h postadministration) and depletion of liver total
glutathione was observed in baikiain-treated mice compared
to the control group (Table 1). Additional markers of liver and
kidney toxicity (BUN, CRE, and AMY) were also significantly
higher at the 4- and 6-h time points.

In summary, the results of these initial studies support a
working hypothesis that the adverse events reported by
individuals consuming the Daily Harvest Crumbles product
originate from the tara flour ingredient and are due, at least in
part, to high levels of nonprotein amino acids (e.g., baikiain). It
is further hypothesized that in vivo metabolism of metabolically
unstable baikiain results in a toxic metabolite(s) that depletes
glutathione and/or is an irreversible enzyme inhibitor (for L-
pipecolate oxidase), resulting in adverse events which are
dependent on the dose consumed and potentially exacerbated
for individuals that have specific genetic predispositions.
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